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COMPLETION OF VOLUME X OF THE PROCEEDINGS. 


It was announced in the February, 1914, Journal of the 
Institute that the Proceedings of the Tenth Annual Convention 
would be published as Part II in the ensuing seven numbers, 
the pages of which would be numbered serially, and on comple- 
tion there would be furnished to the members, the Table of 
Contents and the usual prefatory matter and information here- 
tofore found in the Annual Volume of the Proceedings. The 
latter, together with fhe second part of the seven numbers of the 
Journal, could then be bound together to form a complete vol- 
ume of the Proceedings. Numbers 1, 2, 6 and 7, have already 
been published; Numbers 3, 4 and 5 are published herewith. In 
Part II of this Journal will be found all the remaining matter 
which may be combined with Part II of Volumes 1, 2, 6 and 7, 
and this completes Volume X. 
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to figure live load on the culvert, only assuming that it is distributed, i. e., not figuring for 
cotreentrated and eccentric loading. 

Par. 8A 15-ton road roller is liable to be on any county bridge-and it may have 11 tons 
on the rear —_* 

Par. 13. Should De-reyzitten in the light of recent teSts and the lateral distribution 
should be a function of the thickness.of slab instead of a porportion of the length of span. The 
engineering papers—or perhaps the Am Sec. C. Exe Transactions—contained a few months 
ago a report of tests of distribution of a verticaPtead through sand. I have searched for it 
but do not find it. We might recommend LAforizontal to-2_yertical as current practice. 

Par. 15. What recommended methed is referred to? 

What does “each direction”’ meafi? Longitudinal and transverse’er only transverse both 
ways from the point. In the lattef case omit “each direction" and say four times the thickness. 







Par. 18. If we go intos 
driving. I think that the 
Par. 25. Is there fot some error in your formula for waterway? For a drainage area of 
6,000 acres it gives from 1,350 to 9,000 sq. ft. area of culvert. Talbot's formula gives from }80 
to 690 sq. ft. Mytrs' gives from 77 to 308 sq. ft. Our sewer formula for a district with almost 


th specifications we ought to cover steam driving &s_well as drop 
fngineering News formula for steam driving is quite too hberal. 


no absorption Wecause of roofs and pavements and where there must be no damming back for 
a moment gives 2,500 sq. ft. A recent bridge built by this City over Frankford Creek at tide 
water has/350 sq. ft. for each 6,000 acres of drainage area, and the Chestnut Street bridge over 
the Scbaylkill River has about 50 sq. ft. for each 6,000 acres. 

/ 











COMBINATION OF REINFORCEMENT AND FORMS 
IN CONCRETE CONSTRUCTION. 


By T. W. Murray.* 


Although concrete construction dates back to the earliest days 
of history, it has been in the last decade only that a real develop- 
ment has been made in reinforced concrete construction, par- 
ticularly in building work. The heavy masses of concrete and 
unscientific design of the reinforcement used in the earlier methods 
of concrete construction seem crude today. 

Methods of reinforcement developed rapidly. Today there 
are complete systems of reinforcement, that scientifically and 
economically provide for all the stresses due to direct bending, 
shear, compression, continuity, etc. These many improvements 
have resulted in lighter and stronger construction. There is no 
building or structural material that is given as thorough and 
scientific study in its design as reinforced concrete. The plastic 
and monolithic properties of the latter material present possibilities 
of great value to the skilful designer. 

Forms have ever been the bugbear of concrete construction. 
This fact has always been recognized, but assumed increased 
importance with the development of scientific design and the 
growing scarcity of lumber. The earlier efforts of reinforced 
concrete engineers were directed toward simplifying and reduc- 
ing the quantity and the cost of form work. In those days were 
developed systems of long span construction. the principal one 
among these being the reinforced hollow tile construction. This 
construction not only greatly reduces the cost of the forms, but 
also reduces the weight of the construction as compared with 
solid concrete. In later years this construction has been still 
further improved by the substitution of metal for terra-cotta 
tile, thus permitting much lighter construction and greater 
economy. 

Other designers have been busy developing systems of stand- 
ardized forms, both in metal and wood. There are a number of 





* Manager. Hy-Rib Department, Trussed Concrete Steel Company, Detroit, Michigan 
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such methods, but none of them has met with any marked success 
in building construction, owing to the practical impossibility of 


standardizing their design. 

The most important advance which has been made in solving 
the problem of forms, was the introduction, about six years ago, 
of a combination of reinforcement and forms. ‘This was in the 
form of deep ribs connected by a special expanded lath manu- 
factured from steel plates. The mesh between the ribs holds 
the concrete from falling through when placed in a horizontal 
position. When placed in a vertical position this expanded lath 

















FIG. l. SAW TOGTH AND FLAT ROOF CONSTRUCTION. 
forms an ideal surface for plastering. The ribs and the mesh 
combined act as a reinforcement for the concrete, thus eliminating 
the necessity for forms. The use of this expanded metal is simple. 
All that is necessary is to take the large sheets, lay them over the 
supports, pour on the concrete to the required thickness, and 
plaster the lower surface. 

Opportunity for the use of a material of this nature is found 
in practically every field of building construction. In roofs, 
besides saving the expense of forms, it makes possible a very thin 
roof of light weight, which results in a marked saving in all the 
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supporting framework. In walls and sidings this material is 
attached to the supporting framework and plastered on both 
sides to the required thickness which totals usually about 2 in. 
This solid monolithic wall built entirely without forms has great 
strength and rigidity. Such a wall costs only about one-half as 
much as other masonry construction, and occupies about 2 in. 
of space, thus increasing the inside dimensions of rooms from 
12 to 20 in. For partitions this material is attached to floors 
and ceilings, and plaster applied on both sides. Such a partition 





FIG. 2.—THE PLASTERING OF CEILINGS. 


is about 2 in. thick, strong, permanent, fireproof and sound-proof. 
Its thinness adds considerably to the size of the rooms, increas- 
ing the revenue of the building. In ceilings, the material is 
merely attached to the lines of support, spaced from 3 to 6 ft. 
apart and the plaster applied to the under side, thus eliminating 
the expense of wiring lath to a great number of channels. This 
reinforcement also has similar advantages when used as furring. 

Expanded metal is also furnished in the form of curved 
sheets, which entirely eliminates the expense of circular form 
work required in many constructions. A few of the many appli- 
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‘ations in this field cover arched floors, tanks of all descriptions, 
silos, culverts, ete. 

The development of this material has been such that there 
are now three distinct types of it with varying depths and spacing 
of ribs. These types are all manufactured from various gages 
of steel so that practically every condition of reinforcement and 
form work can be properly cared for. The methods of manu- 
facture are very interesting, requiring an extensive equipment 
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FIG. 3.—ARCHED FLOOR CONSTRUCTION, 


and skilful handling. The steel plates are first cut the exact size 
required and are then put through pickling vats for a sufficient 
length of time to bring them to the exact condition required in 
their manufacture. The plates are then thoroughly dried and 
passed through the first forming press. After this operation they 
are punched under a very powerful press which cuts the sheets to 
an accuracy of one-ten-thousandth of an inch. The dies and 
cutting tools have been scientifically developed and are very 
complicated. The special cut sheets are then placed in the form- 
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ing press which by a process of compression and expansion forms 
the finished sheet. This one press has a capacity of 450 tons 
pressure at one blow, which fact gives an idea of the elaborate 
machinery necessary to manufacture this material. 

There is no doubt that materials of this nature combin- 
ing both reinforcement and forms represent the right ideas of 
development. Their tremendous success in all classes of con- 
struction has proven that they have filled a long felt want. Their 
use means greater economy, fireproofness, rigidity, and light 
weight structures. 

The Y. M. C. A. Building, Mexico City, Mexico, after it 
had passed through the bombardment incident to the ten-day 
siege in February, 1913, was in the following condition: The 
galvanized iron cornices and terra-cotta copings were completely 


demolished, while the expanded metal construction was merely 
pierced by the shot and shell that had passed through the parti- 
tions and knocked off the plaster, but did not demolish the metal 
construction. New sheets of expanded metal were placed over 
the holes in the partitions and replastered. In this manner the 
building was repaired with a minimum expense. 
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DISCUSSION. 


Mr. C. A. Autren.—I confirm the answer of the previous Mr. Auten. 


speaker that not more than 5 per cent of the quantity of con- 
crete applied will pass through expanded metal and be lost. I 
have seen many instances where expanded metal was used in 
floors upon which the concrete was poured (for example a bridge 
floor), and expanded metal was used in the side walls and plas- 
tered, in which less concrete had fallen through the floor metal onto 
the ground beneath the bridge than had been dropped by the 
plasterers. 

Mr. T. H. Skinner.—I understand that in the floor con- 
struction described the metal lath is the form, and that on the 
side walls and partitions, the mortar is applied to the lath with a 
trowel. Have you any data that will show how durable walls 
made in this way are when used on the exterior of buildings? 
That is, are they really any better than ordinary “stucco walls”’ 
which are laid over metal lath, of square mesh small wire, with 
“V” or rod stiffeners? I have seen many examples of stucco work 
on expanded metal lath that has gone to pieces, due to the throw- 
ing off of the stucco through expansion of the me‘al from rust, 
but none on the kind of lath I mention. How are these con- 
structions better than those we have used in the past? What 
means have you taken, or are you taking, to avoid these errors? 

Mr. Auten.—A cement mortar plaster is used for side walls 
and partitions. The principal causes of failure of the construction 
you mention, were first, the lath itself (probably of a thin gage 
and more or less weak), and second, the fact that the stucco was 
on wooden studs or on a wooden framework. This wood, espe- 
cially in a new building, will certainly dry out and shrink, which 
puts a stress in the stucco. In the construction illustrated the 
expanded metal is placed on steel posts, trusses or angle irons, 
spaced for the purpose. Then, also, the metal has ribs about 
every 7 in., which make it much stiffer than the lath usually used. 
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Mr. SKINNER.—I recognize the fact that the material 
described is much stiffer, but, the filling material is put on with a 
trowel, simply relying on the “elbow grease” of the mechanic 
to make it compact. I have seen stucco work, by the best work- 
men using the best materials, on buildings in eastern New England 
and New York, although it did not have the exposure of those 
described, that was in very bad condition at the end of 2 yr.; 
the work was done by the methods described to us, and I want 
to know whether you recommend it as a permanent construction 
for exterior walls, or whether you consider it should be used for 
temporary structures only? 

Mr. Auten.—I should say, yes, where you are placing the 
material on steel or other material that will not expand and con- 
tract, like wood. This material has been used for the last 6 
or 8 years and it is in as good condition today as when it was 
put on. Trouble, however, has been encountered, due to the 
expansion and contraction of the concrete itself. The material 
was first used without reinforcing the concrete in both directions, 
and, in some instances, cracks formed parallel with the ribs of 
the lath. Now it is customary to place 5 in. diameter rods, 
18 in. on centers, at right angles to the ribs, thus reinforcing the 
concrete in both directions. 

Mr. Epwarp D. Borrer.—To condemn stucco construction 
would be like condemning concrete construction because you 
have had failures. It is a fact that there have been a large num- 
ber of stucco failures which have been due to the misuse and the 
abuse of the cement mixture as well as of the material on which 
it has been applied. But it is also a fact that in Canada, on the 
shores of Lake Ontario, and through New England, especially in 
the Metropolitan Parkway System and the different beaches, 
stucco construction has proved remarkably successful. There is 
no doubt, I believe, in any one’s mind, that you can find any num- 
ber of examples all over the country where stucco construction 
has proved permanent in every sense of the word. 

The company with which I am identified, a short time ago 
wrote to a large number of architects who specialize in stucco 
construction, and found that the specifications used differed a 
great deal in the essential details. The American Concrete 
Institute is endeavoring to remedy this condition and probably 
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will succeed in doing so by adopting a uniform specification for 
stucco; but as long as architects in Boston, New York, Phila- 
delphia, Los Angeles or Jacksonville continue to use specifications 
differing in essential details, the results will not be uniform. We 
have standard specifications for steel, and for cement; what we 
need is a standard specification for stucco that can be success- 
fully used by architects all over the United States; then failures 
will not occur. 

Mr. Croyp M. CHapMan.—My company has used a large 
amount of expanded metal on the exterior of steel frame build- 
ings, largely in roundhouses, shelters, repair shops, signal towers, 
and similar railroad constructions. We have had so many fail- 
ures with this type of construction, due evidently to the corrosion 
of the metal, perhaps from a lack of protection by a sufficient 
thickness of stueco on the outside, that we have arrived at the 
conclusion that plain or painted metal must be imbedded at 
least 2 in. below the surface of a dense mixture of cement and 
sand, otherwise it must be galvanized. We have had a large 
proportion of failures in which the stucco or mortar scaled from 
the metal, and left a very badly corroded lath; it was quite 
evident that the cause of failure was the swelling or the increase 
in volume of the iron due to its oxidation, which forced the 
stucco from the surface. 

Mr. Leonarp ©. Wason.—I would like to ask the speaker 
whether the metal is used black or whether it is galvanized or 
painted? 

Mr. AvuTEN.—‘Some specifications require it to be painted 
and some do not. Unless otherwise specified, we faint it, since 
usually the lath lies around before it is used; we do not know 
what is going to happen to the material after it is shipped before 
it is used in the work and it is well to protect it in the best possible 
manner. The lath is oil dipped but not baked. The cost of 
japanning is high. In regard to the thickness of the outside 
concrete walls; we recommend, in all cases, at least 14 in. of 
cement plaster on the outside of the metal; the rib is turned in 
and there is usually } in. of plaster on this side of the metal. 
Where the metal is used for roofs or floors, the concrete is poured 
on and the slab usually runs from 2 to 4 in. in thickness, depend- 
ing on the span and the load it has to carry, 
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Mr. CHapMan.—We have made a large number of experi- 
ments with plates of steel painted and imbedded in concrete, but 
have not yet found a paint that after being imbedded 3 months 
in concrete could fairly be called a paint. It had become a layer 
of powder whose protection against the moisture coming through 
the cement mortar was practically zero. It may be that the 
application of paint to reinforcing material serves some useful 
purpose in protecting it from excessive rust before it is put in 
place, but when it is in place paint is more of a detriment than 
otherwise. None of these tests were made with paints that were 
baked on. I have heard of materials that can be baked on that 
are said to withstand the action of moisture for a very much 
greater length of time. 

Mr. AuTeN.—The layers of paint that remain on reinforcing 
steel whether it is to be used in a roof or any other place, are 
certainly going to interfere with the bond of the concrete to the 
steel. You are placing a coatiz between the concrete and the 
steel, and that should be avoided. My idea in recommending 
the painting of expanded metal is to keep it in proper condition 
until it is placed in the work; and you have certainly to depend 
on the workmanship and the waterproofness of the concrete to 
keep it in condition after it is placed in the concrete. 

Mr. Burtis 8. Brown.—I would like to ask if any trouble 
has been experienced with this metal rusting in the floors of 
buildings where there is water, such as cold storage buildings; 
and if so, what precautions are taken to prevent it? 

Mr. Avuten.—I do not know of any trouble of this nature 
occurring in that kind of a building. 

Mr. O. R. Parry.—My experience as an architect is that 
expanded metal used in stucco on the exterior of buildings along 
the seashore is unsatisfactory; if used for reinforcing concrete 
it is satisfactory. In my own practice we are very chary about 
using it in exterior work, and I have found that I can get better 
results with wooden lath than with expanded metal for stucco 
work; the reason being that there is an air space between the 
sheathing and the lath; if the plaster is weak in any spot the 
moisture and the weather enters there, and rusts a metal lath. 
If our friends could produce a lath that will withstand that action 
of the weather, they would be giving us something we badly need. 
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Mr. P. H. Crarx.—I would like to ask the gentleman why 
he did not follow the recommendations of this Institute for stucco 
that have proven very satisfactory and have resulted in success- 
ful work? 

Mr. Parry.—There is a very good reason. I know that 
expanded metal protected by a one inch covering of mortar will 
be satisfactory. But you do not have to do that if you use 
wooden lath; and in seashore work you certainly have a very 
quick corrosion of your metal unless it is protected. The cost is 
an important factor. 

Mr. H. B. McMastrer.—I would like to suggest to Mr. Parry, 
supplementing what Mr. Clark has said, that this Institute has 
developed a standard specification that solves his problem. With 
reference to the exposure of stucco on the seashore, there are 
in New England many examples of successful stucco work, some 
right at the edge of the water. Every architect in Poston who 
has anything to do with stueco work will, I am sure, bear me out 
in the statement that any metal lath, let it be wire or expanded 
metal, if back plastered—as the Institute specification requires, 
is protected ‘absolutely against corrosion, and I will bear out 
what has been said about painting simply to prevent initial 
corrosion. The cement, and what little lime there is in the mix 
is a preservative of the steel. I should say that is all that is 
necessary. 

Mr. W. F. Tuspesinc.-What would you say of an interior 
partition that in 5 years would be completely rusted? Was 
there something in the plaster or stucco that caused it? I know 
of interior partitions where you can put your hand through the 
metal reinforcement; instead of a ribbed metal lath, a small 
channel to give greater stiffness was used. 

Mr. McMastrer.—The Metal Lath Association has sought 
conscientiously for all data bearing on the corrosion of iron and 
steel that goes into a building whether it be structural members, 
water and gas pipe or metal lath. When we have been able to 
find examples of disintegration we have studied the cireum- 
stances carefully, have had the plaster analyzed and endeavored 
to find a fundamental cause; nearly all cases where there has 
been disintegration of metal lath, have shown traces of caleium 
sulphate. That brings us into the patent plaster field. I may 
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be treading on dangerous ground but I do not hesitate to say that 
this material is dangerous when in combination with moisture. 
Personally I have had the opportunity of investigating quite a 
number of cases where there has been disintegration of metal 
lath, and we have been able to find the cause in nearly every case. 
Now the country is full of lath construction to which patent 
plaster has been applied. In New England we are able to say 
that there are perhaps 25 or 30 million yards of metal lath 
standing today. A great deal of that is in connection with patent 
plaster but apparently with little or no moisture after harden- 
ing. Some of this lath has been on 25 or 30 years, but it may 
be stated, that while the gypsum plaster may disintegrate when 
water reaches it, cement thrives on water which accounts for the 
tendency to prefer the cement mixture in some places where it 
comes in contact with steel. I would say that the patent plaster 
is not inimical to steel. But when a sewer or a water pipe breaks 
in your walls, the patent plaster disintegrates from the moisture 
and very soon reaches the metal which goes very quickly. 

Mr. Tusesinc.—The case to which I refer happened to be 
in a very dry place; in an interior stairway and I was surprised 
at the condition of the expanded metal lath. After 5 years 
it was just like so much powder. In drafting a specification, 
these things will have to be investigated in order to find out 
what is the cause of failure. If we are going to write these speci- 
fications they must be fully proved. In using this type of wall, 
in some cases, we have to guarantee it for a certain period of 
time and therefore must be sure the work is properly done 
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PROGRESS AND DEVELOPMENT OF CONCRETE 
WORK ON THE DELAWARE, LACKAWANNA 
AND WESTERN RAILROAD. 


By A. B. CoHEen.* 


A brief review of a few historical facts concerning the road 
itself is essential to a better understanding of the progress and 
development of concrete work on the Delaware, Lackawanna 
and Western Railroad. 

The Lackawanna Railroad at its inception was built to trans- 
port coal from the anthracite region around Scranton, Pa., to the 
seaboard. A line was projected eastward as early as 1850. Like 
the few other roads of that day, it lacked financial strength, and 
since the country through which it necessarily extended was at 
best exceedingly rugged and mountainous, the management was 
compelled to follow the line of least resistance rather than the 
direct route toward the coast. The road was built in a south- 
easterly direction from Scranton over the Pocono Mountains and 
through the Delaware Water Gap to Portland, Pa., a point on the 
river a few miles below the Gap, by the parent company and 
from this point to Hampton, N. J., by a leasing line, the Warren 
Railroad Company. These lines were 61 and 21 miles in length 
respectively. 

At Hampton the greater part of the coal was delivered to 
the Central Railroad of New Jersey for transportation to tide- 
water, and at Washington, N. J., a portion was transferred to the 
Morris Canal, then in the height of its activity, for transportation 
to Paterson, Newark and other towns along its route. 

At Washington, the Warren Railroad crossed the line of the 
old Morris and Essex Railroad extending from Hoboken to Phillips- 
burg on the Delaware River. In 1860 this road was leased by the 
Delaware, Lackawanna and Western Railroad, and in this way 
the latter company obtained a through line from the coal fields 
of Pennsylvania to tide-water at New York. 


* Assistant Engineer in Charge Concrete Design, Tbe Delaware, Lackawanna and 
Western Railroad, Hoboken, N. J. 
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Previous to this, however, about 1852, the line was extended 
westward from Scranton to a point near Binghamton, N. Y., 
where connection with the Erie Railroad made possible western 
shipments. In 1869, by the purchase of the controlling interest 
of stock of the Syracuse, Binghamton and New York Railroad, 
operating between Binghamton and Oswego on Lake Erie, the 
Delaware, Lackawanna and Western Railroad obtained an open- 
ing to the Great Lakes. This line, in 1881, gave way to the Buffalo 
extension from Binghamton as the main line. 

The combination of these various lines, built independently 
of each other in the early days of railroad construction, necessarily 
resulted in some very heavy grades and many detours. 

With the advent of an entire new management in 1889 under 
the direction of President Truesdale, it was soon determined 
that extensive improvements at a number of points were neces- 
sary for a more economic operation. Traffic had increased far 
beyond the expectations of the original builders, which might be 
said of all the earlier railroads. While the motive power and 
equipment followed in a measure the advancement of the day, 
nevertheless the heavy grades and roundabout routes made 
operating very expensive. Gradually improvements were made 
which resulted in a highly developed system embodying the best 
practice of railroad construction and equipment. Concrete has 
played a very important part in this development by reason of 
the facility and the rapidity with which it can be placed; these 
have so expedited the construction of structures necessary in 
improvements of the magnitude of those made by the Lackawanna 
Railroad, that it can be safely asserted that the use of concrete 
has made possible these economic changes. ‘This can readily be 
understood by description of these various improvements and the 
uses that have been made of concrete showing its progress and 
development. 


NEWARK TRACK ELEVATION AND DEPRESSION. 
The first improvement of importance made by the new 
management was the elimination of grade crossings and reduction 
of grades through Newark, N. J., in 1903 to 1905. This line 
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through Newark had long since given way to the Boonton Branch 
through Paterson as the main line, but it tapped the highly devel- 
oped New Jersey suburban district. A maximum grade of 138 ft. 
per mile made operation of even suburban trains very difficult. 
By restoring to part track elevation and part depression, this 
grade was reduced to 60 ft. per mile. All the bridges were built 
of structural steel, but concrete was used extensively for the first 
time by the Delaware, Lackawanna and Western Railroad in the 
construction of the retaining walls (see Fig. 6). 

About the time of completion of this work, the Hoboken 
Terminal and several docks burned down. In the reconstruetiton, 
concrete was used to great advantage in the docks carrying engine 
loading. This work consisted of a grillage of piles driven over 
the entire area carrying a solid floor of 12 by 12 in. at mean low 
water. A cinder fill over this floor, suppporting track laid in 
the usual manner, was retained by massive concrete bulkhead 
walls. Practically the first reinforced concrete was used in roof 
and floor construction of the railroad shop built at Kingsland in 
1903, but the most extensive use of reinforced concrete in build- 
ing construction was made in 1906-1908 when the Scranton shops 
were built. Brick was used for the walls of all the buildings, but 
the frame work of a number of them was constructed of concrete 
and it was used in subway construction of great length, in storage 
bins and large foundry casting platforms. 


NEW JERSEY CUT-OFF. 

Starting from the eastern terminal, the main line crossed 
the State of New Jersey by a very circuitous route. It was 85 
miles by rail, while the air line distance is but 58 miles. <A ruling 
gradient of 1.14 per cent uncompensated over the western half 
of the state necessitated the use of pusher engines for heavy 
trafhe. The heavy grade, together with the roundabout route, 
made operation very expensive. To improve this condition, a 
cut-off line was located, in 1905, between Hopatcong and the 
Water Gap. By resorting to very heavy construction, crossing 
the drainage of the country at right angles, it was possible to 
establish a ruling compensated grade of 0.55 per cent, or 29 ft. 
per mile. The following table, showing the physical character- 





i 
| 
{ 
| 














242 CoHEN ON CONCRETE WorK ON LACKAWANNA R. R. 


istics of the old and new lines, will give an idea of the character 
of the work: 


Oup LINE. New LINE. SavING. 
Epemtasine. miles... ......... 39.57 28.45 11.12 
Maximum grade, ft. per mile 68 29 39 
Number of curves........... 57 15 42 
Maximum grade............ 6 deg. 54 min. 3 deg. 36 min. 3 deg. 18 min. 
Total degrees............... 2,000 440 560 
ine and fall, ft.:..........°. 248 11 237 


The saving of this new line, based on the actual cost of 
operation, maintenance of roadway, structure, repairs, ete., war- 























FIG. 1.—SIGNAL TOWER AT HOPATCONG, N. J. 


ranted the expenditure of $11,000,000, the cost of the improve- 
ment. The cost per mile is $387,000. This work gave the real 
impetus to concrete construction on the Delaware, Lackawanna 
and Western Railroad. With one exception, all of the 70 bridges 
were built of concrete, which required 260,000 cu. yd. The largest 
structures are the Paulins Kill and the Delaware River Viaducts. 


SIGNAL TOWER. 


The first structure on the cut-off line is the concrete signal 
tower (Fig. 1) at Hopatcong, the junction of new and old lines. 
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The walls are paneled and bush-hammered to relieve the other- 
wise plain surfaces. The roof is glazed tile. This tower was 
built by company forces and is of the type adopted as a standard. 


RAILROAD BRIDGES. 


All the highways crossing the cut-off line have been carried 
either under or over the tracks by arches or reinforced flat-top 
bridges. The Hopatcong Road arch, shown in Fig. 2, represents 
the best type of this construction. Some attention was given its 
appearance, since it spans a much-traveled county turnpike. 
The semi-circular arch, however, of 20, 24 and 30 ft. spans, was 














FIG. 2.—HOPATCONG ROADWAY ARCH, MUSCONETCONG FILL. 


the general type used on the new line. These arches were built 
under varying conditions—on piles, earth and rock foundations, 
under fills to depth of 110 ft.; on steep highway grades, and 
there were many skew arches, some of which were built on an 
angle of 45 deg. with the center line of track. Similar conditions 
prevailed for culverts carrying water courses. 


CoMBINATION Highway ARCH AND CULVERT. 
The greater height of fills made it economical to divert streams 
for comparatively long distances to highway arches so that one 
structure would carry both highway and stream. The road is 
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carried over the stream on a reinforced concrete slab, the abut- 
ments of the arch serving as side walls for the culvert. The 
culvert has a reinforced-concrete invert built simultaneously with 
the arch abutments, thus preventing the undermining of the abut- 
ments by the scouring action of the stream. The box formed 
between the abutments furnishes a brace should settlement occur 
which might tend to collapse the arch. 


FLAT-SLAB BRIDGES. 


Where the vertical clearances were limited, flat-slab bridges 
were built in spans of 20 and 24 ft. The problem in designing 
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FIG. 3.—GREENSVILLE STATION. 


these bridges on a skew was solved by reinforcing the slab on the 
right span and the parapet wall to act as a girder carrying the 
triangular or skew portion of the floor. The slab and parapet 
girders were built in continuous operation. 


OVERHEAD HIGHWAY ARCHES. 


The highways are carried overhead on reinforced-concrete 
arches of the elliptical type. The span for arches normal to the 
track was made 56 ft., giving clearance for four tracks; rise 12 ft. 











COHEN ON CONCRETE WorK ON LACKAWANNA R. R. 245 


6 in.; crown thickness 1 ft. 6 in. The Greensville arch shown in 
Fig. 3 has a skew angle of 45 deg. It was designed for a skew 
span and constructed in laminz parallel with the center line of 
the highway. To eliminate any tendency of the ring to slide, 
the abutment skewback was formed in offsetted inclined planes 
normal to the pressure line of the arch. 


STATIONS. 

Previous to the cut-off work a number of stations were suc- 
cessfully built of concrete; it was therefore decided to construct 
the three stations on the new line in similar manner, adopting 
the pleasing effect obtained with signal tower design resulting 
from the combination of bush-hammered concrete and glazed tile 
roof. The Greensville Station is shown in Fig. 3. 


Pequest River Dous_e-BarREL ArRcH BUILT ON GRAVEL 
FOUNDATION UNDER 110-Fr. FILL. 


The line crosses Pequest Valley on a fill 3 miles long, aver- 
aging 75 ft. in height and containing 6,625,000 cu. yd. of earth. 
The maximum height of the fill is 110 ft. Next in importance to 
the Delaware River and Paulins Kill viaducts, is the Pequest 
River arch through which the river flows under the deepest part 
of this embankment. 

Soundings at the site showed a 30 ft. stratum of gravel with 
varying amounts of clay and fine sand. At intervals large boulders 
were encountered, making the driving of piles impossible. A 40-ft. 
arch was proposed, but under the heavy fill the maximum pressure 
on the foundation was found to be far in excess of the safe carry- 
ing capacity of the soil. This being impracticable, the alternative 
was a 20-ft. twin arch. Even with this construction, very large 
abutments would be necessary to keep the maximum toe pressure 
under 6 tons per sq. ft. Further investigation showed a heavily 
reinforced invert or mat foundation to be not only more stable 
but less expensive. By reason of this design the base of the 
foundation could be placed just below the surface of the gravel, 
with no possibility of it being undermined by the water, as might 
be expected if the abutments were independent of each other. 
The length of the arch is 309 ft. In determining the dead load on 
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the arch, no allowance was made for any arching action of the 
fill. The weight of the total fill above the top of the arch was 


‘taken at 100 lb. per cu. ft. 


To keep the same working stresses for the steel and concrete 
and to obtain as nearly as possible a uniform pressure on the 
foundation, the ring, abutments and inverts were decreased in 
four sections from the middle to the face of the barrel. The 
middle section was designed for the maximum fill of 90 ft. over 
the crown, and the remaining sections were designed for the ver- 














FIG. 4. PAULINS KILL VIADUCT, HAINESBURG, N. J. 


tical fill over each as determined by a slope of 123 to 1. The total 
load transferred to the pier and each abutment was approximately 
equal, making the pressure on the base about uniform. On the 
middle section this amounted to 5.6 tons per sq. ft. and the slab 
for the invert was designed to resist this pressure. The structure 
contains 10,950 cu. yd. of concrete and 520,000 lb. of reinforcing 
steel. 
PauLins Kitt Viapucr. 


The second largest structure on the cut-off line is the Paulins 
Kill viaduct at Hainesburg, N. J. It is a double-track bridge 
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100 ft. long, 34 ft. wide and 117 ft. above the water, consisting 
of five 120- and two 100-ft. full centered arches with crown thick- 
nesses of 6 ft. and 5 ft. respectively. All the piers are carried 
to rock, the depth of which varies from a few feet below the sur- 
face at the abutments to a maximum of 30 ft. at the center pier. 

For construction a mixing plant was located close to the via- 
duct site, from which concrete was hauled in one-yard buckets on 
narrow-gage trains to the various derricks for distribution. The 
first position of the derricks was on the ground near each pier, 
where they remained until the piers were completed to the spring- 
ing line. Next they were raised to their second position upon 
steel I-beam towers erected upon each pier. From this position 
all the concrete in the ring was poured. The ring was cast in 
blocks and keys placed in position to uniformly load the timber 
centering. At least 7 days were required to elapse between the 
pouring of any block and the adjacent key, and 28 days after the 
last key was completed the centering was lowered. This method 
was used so that the shrinkage might have little effect upon the 
finished ring. The derricks were finally placed upon the top of 
the two center spandrel arches which were poured from the second 
position. From this final position the remainder of the floor 
system was completed. Fig. 4 shows the various stages of 
construction together with a view of the completed structure. 

The abutments are of the “U” type with three longitucinal 
reinforced-concrete walls supporting a reinforced slab to carry 
the roadway. The embankment was allowed to take its natural 
slope between the walls, tied together with reinforced-concrete 
struts, as was the case on the outside of them. 

Surmounted on the main arches, the superstructure consists 
of a series of transverse spandrel walls and arches. The true 
arch action was here destroyed by pouring the top of the arches 
to a level surface to form the floor on which the track was laid 
over 3 ft. of rock ballast. The floor is waterproofed by a 
membrane composed of four layers of felt and five layers of 
asphaltic compound. This is protected by a layer of brick, 
grouted and covered with the compound. 

In the construction of the viaduct there was used 43,200 


cu. yd. of concrete and 735 tons of reinforcing steel. 
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DELAWARE RIVER VIADUCT. 


The largest structure on the cut-off line is the Delaware 
River viaduct at Slateford, Pa. (Fig. 5). It is a double-track 
bridge 1,450 ft. long and 64 ft. above the river. It consists of 
five 150-ft. and two 120-ft. elliptical arches, rise 40 ft. with crown 
thicknesses of 6 ft. 0 in. and 5 ft. 4 in. respectively; also two 
33-ft. full centered arches. The two smaller arches and one 
120-ft. arch on the west end are on a 3 deg. 36 min. curve and 
this, together with a skew angle of 25 deg. for the remainder of 














FIG. 5.—DELAWARE RIVER VIADUCT, SLATEFORD, PA. 


the structure, made the construction more difficult than that of 
the Paulins Kill viaduct. 

The rock stratum is comparatively level, but because of the 
unevenness of the ground the depth ranged from 25 to 53 ft. 
The construction was carried on by means of a traveling cable- 
way suspended over the center line of the viaduct, and supported 
from timber towers on either bank, approximately 2,400 ft. apart. 
Midway between these towers an A-frame mounted upon two 
large temporary piers furnished the intermediate support and 
divided the cableway into two working units. (See Fig. 5.) 
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A mixing plant was established on each side of the river 
directly beneath the cableway. With the longest haul each plant 
had a capacity of 250 cu. yd. per 10-hour day. Little difficulty 
was experienced in driving ordinary timber sheet piling. The 
material excavated for piers was gravel and boulders. Contrary 
to expectations, the gravel formed an almost impervious obstruc- 
tion to the water. One pump was able to take care of the leakage 
into the pier excavation. 

Steel centering was used in the construction of the 150-ft. 
arches. This centering was composed of ten separate 3-hinged 
arches spaced 4 ft. centers and braced laterally to form a rigid 
unit. The ribs were supported by short structural steel columns 
placed upon an I-beam grillage which rested upon an offset of 
the pier foundation. The centering was lowered by means of a 
double toggle joint at the crown panel, by which the two vertical 
members were lengthened or shortened for lowering or adjusting 
the centering. Similar to the construction of other skew arches, 
the skew backs of the piers were formed in six offsetted inclined 
planes normal to the pressure line of the arch ring. 

The U-shaped retaining walls of the east abutment are a 
feature of the design. They consist of two heavily reinforced 
walls 3 ft. thick at the top and increasing on a uniform batter to 
1 ft. 5 in. at an elevation which is approximately one-third of 
the height of the walls. At this point of resultant earth pressure, 
reinforced struts 1 ft. 10 in. x 3 ft. 0 in. spaced 5-ft. centers con- 
nect the two walls with sufficient steel to resist the horizontal 
thrust. Above the struts the walls were reinforced for cantilever 
action. The footing course is continuous under both walls. Total 
height of wall is 57 ft. The combined weight of the U walls (on 
arth foundation) and fill resists the horizontal thrust from the 
adjacent 120-ft. arch. The vertical load of the arch is carried 
to rock on two 9 x 40-ft. caissons. 

The floor of the viaduct was waterproofed with two layers 
of an asphaltic compound applied hot and bound by two layers 
of very light cloth fabric. This coating, about ;s-in., was pro- 
tected by 2 in. of concrete. There are no expansion joints in the 
floors of the Paulins Kill and Delaware River viaducts, the 
longitudinal reinforcing steel being continuous. 

The Delaware River viaduct contains 51,400 cu. yd. of con- 
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crete and 627 tons of reinforcing steel. The work was begun 
August, 1908, and was completed three years later. 


MontTcLaiR IMPROVEMENT. 


Another improvement is the complete revision of the Mont- 
clair Branch, 4 miles in length, extending from Newark to Mont- 
clair. The line, which for the most part was a single track, has 
been double tracked, and all the grade crossings have been 
eliminated. New stations have been built at Watsessing and 
Bloomfield, sundry improvements at Glen Ridge and the Mont- 
clair Terminal has been reconstructed. 














FIG. 6.—WATSESSING AVENUE STATION, BLOOMFIELD, N. J. 


This line takes care of a very large suburban traffic to and 
from New York City, which is 15 miles from Montelair. In addi- 
tion the branch also handles a very large milk and ice business 
and serves a large number of industries. 

Because of limited right of way through Watsessing, the 
reconstruction followed along the old line. In making the 
depression a trench was excavated in which the retaining walls 
on one side were constructed without removing the tracks or 
delaying the traffic. After its completion, the tracks were shifted 
over beyond the walls, the depression was then made and the 
other wall built. These retaining walls are of gravity type built 
on rock in alternate sections of 20 ft. in length without any hori- 
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zontal joints. The drainage beyond the walls is taken care of 
by blind drains of loosely piled stone, placed at each construction 
joint and extending from the base to the full height of the wall. 
Weep holes were placed at the lower ground line for each drain. 

Watsessing Avenue Station, shown in Fig. 6, was built directly 
over the tracks. The building faces the avenue which is carried 
over the railroad on an elliptical arch. The station is supported 
on four reinforced-concrete arch girders with intradosal curves 
similar to the arch carrying the roadway. A 4-in. concrete ceiling 
was built between the girders to give the appearance of a con- 




















FIG. 7.—STATION, BLOGMFIELD, N. J. 


tinuous arch. The canopy is also reinforced concrete. The 
brackets are cantilevered from the retaining wall, the base of 
which is widened to take the increased overturning moment. 
The new Bloomfield Station (Fig. 7) was built of concrete 
bush-hammered and decorated with green tile. Here also the 
canopies are of reinforced concrete, but instead of being supported 
from retaining walls they are carried on columns of an elevated 
platform. The fill was made to the top of the platform beams, 
after which the concrete slab was built without forms. Clearance 
requirements necessitated the use of structural steel through girder 
bridges for two crossings. Glenwood Avenue and Washington 
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Street adjacent to the Bloomfield station. These were entirely 
encased in concrete to conform with the architectural features 
of the station; Glenwood Avenue bridge is shown in Fig. 8. 
Montclair with a population of about 25,000 is the terminus 
of this branch. It is situated on the slopes of the Orange Moun- 
tains and this location, together with its close proximity to New 
York City, makes it a very attractive residential section. Many 
influential people are numbered among the inhabitants. The 
old station was served by one track and a turn-table. To accom- 
modate the heavy daily morning traffic to New York City it was 
necessary to store the passenger cars over night at the terminal, 
and this storage room was crowded on three stub tracks over 

















FIG. S.—-GLENWOQGD AVENUE BRIDGE, BLOOMFIELD, N. J. 


which the freight and milk business was also handled. The new 
layout provided for six tracks, and the area formerly occupied by 
both freight and passenger facilities is now entirely devoted to 
the passenger terminal shown in Fig. 9. The new station is 
built of tapestry brick trimmed with artificial stone made of 
concrete which is faced with terazza chips exposed by a wash 
finish. The structural steel umbrella shed has a concrete roof 
slab covered with flat tile laid in asphalt. In the background 
can be seen Grove Street viaduct (reproduced in insert), which is 
of the T-beam design with spans of 36 and 38 ft. Reinforced- 
concrete stairways lead from the bridge to the platform and 
station grounds. The kiosks, pilons and balustrade are all of 
concrete. 
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Several retail coal trestles were displaced by this layout. 
The coal business was centralized in one large pocket shown in 
Fig. 10. This is of cantilever type built of reinforced concrete. 
The partition walls, the lower portion of which form the canti- 
levers, divide the coal pocket into twelve bins. 

The cross-section of the bin floor is similar to the letter W. 
Coal can be drawn simultaneously from three gates of each bin, 
from two under the cantilever portion and from one over the 
driveway between the columns. The capacity of the pocket is 
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FIG. 9.—STATION, MONTCLAIR, N. J. 


3,000 tons. It is fed from the two tracks and is sheltered by a 
timber and corrugated metal shed. The approach to the pocket 
is on a concrete trestle. 


(‘LARK’S SuMMIT-HALLSTEAD CUT-OFF. 


Going back to the main line, it is found that there is but 
one point where a railroad east of Scranton can pass the barrier 
imposed by the rugged range of the Kittatinny Mountains, and 
that is at the Delaware Water Gap where, in ages past, the Dela- 
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ware River cut its way through the range. It is impossible to 
shorten the line between Scranton and the Water Gap. Scranton 
is located in a deep valley with rising grades on all sides, and the 
reduction of the grade on this section would require excessive 
length and curvature. 

The improvement known as the Clark’s Summit-Hallstead 
Cut-Off, which involves some of the heaviest railroad grading 
and concrete bridge work ever undertaken, extends from Clark’s 
Summit, 7 miles west of Scranton, to Hallstead, Pa., about 14 


miles east of Binghamton, N. Y. In the 39.6 miles of the new 














FIG. 10. 


COAL POCKETS, MONTCLAIR, N. J. 
line the excavation quantities are 5,525,000 cu. yd. of earth, 


7,647,000 cu. yd. of rock and 146,000 cu. yd. tunnel excavation. 


PHYSICAL CHARACTERISTICS OF THE OLD AND NEw LINE. 


Oxvp LINE. New LIne. SAVING. 
Dieteames. miles... . 66. ..05- 43.2 39.6 3.6 
Maximum grade EB, percent 1.23* 0.68 0.55 
Maximum grade WB, per cent 0.52* 0.23 0.28 





Maximum curve 6 deg. 22 min. 3 deg. 00 min. 3 deg. 22 min. 
Total degrees 3,970 1,570 2,400 

Degrees per mile 91.2 37.9 53.3 

Rise and fall, feet........... 553.0 226.0 327.0 


* Uncompensated. 
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Approximately 300,000 cu. yd. of concrete will be used in 
the construction of the two large viaducts and in eighty minor 
structures. Some of the minor structures are being built under 
extraordinary conditions: an arch is being erected over a highway 
on a 15-per-cent grade; an overhead highway arch springs about 
midway down the sides of an 80-ft. rock cut; the south branch 
of the Tunkhannock Creek will be carried through an embank- 
ment 145 ft. high, 480 ft. wide at the base. This is the largest 
fill on the line and will contain 1,600,000 cu. yd. At the original 
location of the creek the rock was 50 ft. below the surface. To 
obtain suitable foundations for the culvert the creek was diverted 
by a considerable amount of excavation farther up the hillside, 
where the rock at the elevation of the flow line of the creek was 
close to the surface. The structure has two 24-ft. openings and 
will be 470 ft. long. 


TUNKHANNOCK CREEK VIADUCT. 

The two largest structures on this work are the Tunkhannock 
and Martin’s Creek viaducts, which, when completed, will be the 
largest concrete structures of their kind. 

The Tunkhannock viaduct, the larger of the two, is being 
built at Nicholson, Pa., 22 miles west of Scranton. It is a double- 
track bridge 2,375 ft. long and 240 ft, high above the creek, con- 
sisting of ten 180-ft. and two 100-ft. full-centered arches. All 
piers are carried down to rock, which is reached at a depth of 
from 10 to 95 ft. below the ground surface, making a difference 
of 300 ft. in elevation between bed rock and top of parapet at 
the deepest pier. 

The piers are 36.5 x 43.5 ft. above and 40 x 46 ft. below the 
ground. The foundation for six piers was excavated, three to 
the ground-water line and three to rock, by a one-yard steam 
shovel. The shovel dug its way through the sand and gravel 
from pier to pier and the material excavated was used for the 
bed of a narrow-gage construction track. The other piers were 
built in open excavation sheeted with interlocking steel piling 
driven by a steam hammer. 

The deepest foundation required two lengths of 30 ft. sheet- 
ing. First, an enclosure was driven for the full length of the 
piling about the outside of the lower diameters of the pier and 
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the excavation was carried down with the driving. Next, another 
enclosure was started about 5 ft. outside of the first, after which 
both were carried down together as the driving progressed. The 
bracing for the upper or outer enclosure was entirely above the 
lower, so there would be no interference between the two sets of 
bracing. During the placing of concrete in the pier the water 
was collected and carried by drains to a sump in which pumps 
were located. In this manner, no concrete was placed under 
water. The pipe line from the pumps can be seen in the far 
right-hand corner. The footings carried to the bottom of the 
neat work were placed without forms. Tar paper was placed 
against the steel sheeting and the entire cofferdam, excepting the 
sump, was then filled with concrete. The sump was next concreted. 
The piling was drawn with an eight-part tackle hung from an A 
frame. The force applied was 40 tons. 

Figure 11 shows bird’s-eye view of viaduct in construction. 
The contractors’ material siding off the present main line can be 
seen in the left-hand corner. The material is being handled by 
derricks from storage piles to the mixing plant located alongside 
and from the mixing plant to points beneath the cableway over 
the center line of the viaduct on the narrow-gage construction 
tracks previously mentioned. The end towers supporting the 
cableway are 150 and 165 ft. high and 3,028 ft. apart. The 
intermediate tower is 260 ft. high and 40 x 60 ft. at the base. 
On account of the long distance between the engine houses 
(located at the end towers) and the points of loading and unload- 
ing along the cableway, a complete telephone system was installed. 
The operators, provided with head sets, received directly all the 
signals from the men at the dumping points. 

The pier forms are built in sections 17 ft. 9 in. high and four 
lifts of concrete are laid before raising them. The framing of the 
forms is of 8 x 10-in. and 6 x 8-in. timbers with two opposite 
diagonal layers of 1-in. sheeting faced with galvanized sheet iron. 
On the inner faces of the forms, strips of molding are placed at 
i-ft. intervals to form the construction joints and the horizontal 
scorings around the pier. <A 4-ft. lift contains 235 cu. yd. of 
concrete which must be run in one operation. The forms are 
braced by a system of 3.5 x 3 5-in. angles set in the concrete after 
every 4-ft. lift. The connection with the forms is made by turn- 


buckles. 
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A detail drawing of 180-ft. arch and 100-ft. abutment span 
is shown in Fig. 12. The section at the right is through the crown 
of the main arch. This arch is divided into two ribs 14 ft. wide 
and 6 ft. apart. The crown thickness is 8 ft. The centering is 
steel similar to that used in construction of the Delaware River 
viaduct. The width of the pier at the springing line is 28 ft.; 
17.5 ft. below the springing line the width of the pier is increased 
4 ft. 3 in. on each side. The centering is supported on this ledge. 
The panels and steps shown on pier to the left covering the center- 
ing ledge will be built on sides of the pier after the centering has 
been removed. The 6-ft. openings between the ribs facilitate 
the moving of the centering by cableway to the next span. The 
superstructure on the main arch is conrposed of eleven 13 ft. 6-in. 
transverse spandrel arches. The floor is ramped from the crown 
of each arch to the center of the spandrel walls through which 
the drainage will be carried in 6-in. cast iron pipes to the opening 
between ribs. 

An. examination of the Delaware River and Paulins Kill 
viaducts, after they had been in service for some time, disclosed 
the fact that transverse cracks had formed at the crown of each 
of the two spandrel arches adjacent to each pier of the viaduct. 
This indicated that there had been a drop of the main arch rings 
due to fall in temperature. Over the crown the spandrel arches 
were in compression and no cracks developed while those adjacent 
to the pier were in tension. It may be here noted that the floor 
system was built during the summer months and therefore the 
movement in the main arch ring due to rise in temperature would 
bring the floor system back to its normal position, or, if there were 
a movement beyond this it would be so slight as to make its effect 
on the floor system directly over the crown negligible compared 
with the effect of a fall in temperature on the floor adjacent to 
the piers. 

In view of the above observation it was decided in designing 
the Tunkhannock and Martin’s Creek viaducts to place expansion 


joints at the pilaster and quarter points of each span. A floor 


system similar to that of the main arches will be continued to the 
center of the abutment span. The fill covers the other half and 
slopes through the hollow superstructure, completely concealing 
the abutment arch. The heavy approach fill will not come upon 
the back of the last main arch. 
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In construction the rings are carried up 43 ft. above the spring- 
ing line with sectional timber forms before the erection of the steel 
centering. The centering is erected by bolting the upper and lower 
sections together, and until the placing of the opposite half are 
held in cantilever by bolts through the top of the umbreila piei 
assisted by cable guys anchored to the adjacent pier. The 
heaviest section weighs about 14 tons; capacity of each cable 
is 10 tons. The precautions that were taken by building the 
arch rings of the Paulins Kill viaduct in block and keys to load 
the centering uniformly and minimize settlement due to shrink- 
age will be repeated in the construction of the Tunkhannock and 
Martin’s Creek viaducts. 

During the rrocess of. preliminary design, when study was 
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FIG. 13.—MODEL OF THE TUNKHANNOCK CREEK VIADUCT. 


being made of the relative merits of structural steel versus con- 
crete construction for this viaduct, the writer with his assistants 
undertook the making of a wooden model of the concrete design 
on a scale of 1 to 240, to better study the proportions of the 
structure. A photograph of the model is shown in Fig. 13. The 
result of this work was to dispel all doubt concerning unbalanced 
proportions and reduce the study to structural and economic 
considerations. 

When completed the Tunkhannock viaduct will contain 
167,000 cu. yd. of concrete, which is classified in three grades 
known as “A,” “B” and “Cyelopean.” Class “A” isal:2:4 
mixture used in the reinforced superstructure of abutment spans. 
Class “B” is a 1 : 3 : 5 mixture and used in rings and superstruc- 
ture of main spans. ‘“‘Cyclopean” is the same mixture as “B” 
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with large size derrick stone bedded in the concrete and is used 
in all the work; below the springing line of main arches 2,300,000 lb. 
of reinforcing steel will be used. The earth (to the sheeting lines) 
and the rock excavation will amount to 40,000 and 3,500 cu. yd. 
respectively. The contract calls for the completion of the viaduct 
in 3 years. It was begun August, 1911. 


MaARrtTIN’s CREEK VIADUCT. 


The bridge over Martin’s Creek is 1,500 ft. long and is being 
built for three tracks. The top of parapet of the new structure 
is 150 ft. above the bed of the stream and 88 ft. above the pres- 
ent main tracks which are bridged by the viaduct. It is com- 
posed of two 50-ft. and two 100-ft. semi-circular arches, and 
seven 150 x 59 ft. three-center arches. The structure is similar 
in general design to the Tunkhannock viaduct and the method of 
construction by derricks (shown in part view Fig. 14) is similar 
to that used for Paulins Kill viaduct. The main piers are solid 
for 17 ft. below the springing line and below that elevation they 
are divided into two legs 23 x 28 ft. separated by a 12-ft. opening. 
All piers are built on solid rock, which is reached at an elevation 
varying from 10 to 60 ft. below the ground surface, requiring 
27,000 cu. yd. of excavation. The viaduct will contain 78,000 
cu. yd. of concrete and 500 tons of reinforcing steel. 

This viaduct is second in size to the Tunkhannock Creek 
viaduct, but, like the Delaware River and Paulins Kill viaducts, 
it is somewhat dwarfed by comparison. This comparison is shown 
in Fig. 15 where the four viaducts are drawn to same scale. 

With the completion of the cut-off line, the Delaware, Lacka- 
wanna and Western Railroad will have placed 2,000,000 cu. yd. 
of concrete since 1900, having placed only 26,000 cu. yd. that 
year and 50,000 cu. yd. the following year. The average yearly 
placement is 130,000 cu. yd. and the maximum 226,000 cu. yd. in 
1913. About two-fifths has been placed by company forces and 
the remainder under contract. The company has been very 
fortunate in its selection of contractors who have taken an unusual 
pride in obtaining the very best results. This, together with the 
selection and placing of material under rigid specifications and 
inspection, has given a quality to the work that impresses even 
the casual observer with its apparent permanence. 
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The New Jersey Cut-Off was started under the direction of 
Mr. Lincoln Bush, chief engineer (resigned), and completed by 
his successor, Mr. G. J. Ray, under whose direction the design 
and supervision of construction of all the subsequent improve- 
ments was performed by company engineers. The stations were 
designed under the direction of Mr. F. J. Nies, company archi- 
tect. Mr. B. H. Davis, assistant engineer, whom the writer 
succeeded, was in charge of the design of the Paulins Kill and 
Delaware River viaducts. Mr. F. L. Wheaton was engineer of 
construction on both cut-off lines and was assisted by Messrs. 
C. W. Simpson and W. L. Lozier, resident engineers during the 
construction of the Tunkhannock and Martin’s Creek viaducts 
respectively. The construction of the Montclair improvements, 
also design of coal-handling plants, was supervised by Mr. G. T. 
Hand, division engineer, assisted in the former by Mr. W. H. 
Spiers, resident engineer, and in the latter by Mr. C. Healy, 
assistant engineer. 
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PROGRESS REPORT ON TESTS OF CONCRETE IN 
SEA WATER AT THE NAVY YARD, 
CHARLESTOWN, MASS. 


By Lreonarp C. Wason.* 


In 1901, a wharf or pier was built in the Charlestown Navy 
Yard at Boston in such a way that some of the concrete very 
badly disintegrated in the sea water after a few years. This 
started a controversy as to the cause. Some engineers claimed 
that the cause of disintegration was mechanical, some that it 
was chemical, while others thought that there were both kinds 
of action. This series of test specimens was made to find answers 
to the above questions. 

The selection of the material and the method of working it 
was determined after a discussion carried on in the Engineering 
News, and after receiving the advice of those most experienced 
in masonry work on the sea front. 

Permission was obtained from the United States Navy Depart- 
ment for making and storing some 16-ft. concrete specimens 
in the Navy Yard at Charlestown, Mass. The specimens were 
made in January, 1909. 

Mr. Herbert L. Sherman, of Boston, a cement chemist of 
established reputation, co-operated with my company so far 
as the chemical analyses and quantitative tests were concerned. 

The first five pictures (Figs. 1-5) in this report show the method 
of suspending the specimens under the cap log of the wharf 
and the method of casting them. The length of the specimens 
is such that the bottom is always below low water, and the top 
is above high water. 

The first three specimens were made of 1 part cement, 1 of 
sand, and 2 of stone, and mixed dry, plastic, and very wet respec- 
tively. The next three were made of approximately 1 part 
cement, 2 of sand, and 4 of stone, but so proportioned from a 

. President, Aberthaw Construction Company, Boston, Mass. 
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mechahical analysis of the materials that the excess of cement 
over the voids of the sand should be 10 per cent and the excess 
of the mortar over the voids of stone should be 10 per cent. These 
three were mixed dry, plastic and very wet respectively. 

Ten samples were made in pairs, one of each pair being mixed 
1:1:2 and the other 1:3:6. All of these were mixed wet. 
Two were made from a Portland cement practically free from 
iron; two of a commercial Portland cement high in alumina; 





FIG. 1.—THIS VIEW SHOWS NINE OF THE SPECIMENS AT ALMOST LOW TIDE. THE 
ORIGINAL METHOD OF SUPPORT, BY MEANS OF THE LOOPS IN THE REIN- 
FORCING RODS, WILL BE NOTED. AS THESE WERE GRADUALLY WEAKENED 
BY RUST, RINGS WERE GROUTED INTO THE CORED HOLES IN 1912, AS SHOWN 
IN FIGS. 6 AND 7. 


two of a commercial cement low in alumina; two of an iron ore 
cement practically free from alumina; and two of slag cement. 

The other 5 samples were made of 1 part cement, 3 of sand 
and 6 of stone, and were mixed quite wet. Number 20 was 
most thoroughly mixed—much better than ordinary mixing. 
Number 21 was lost in handling in 1912. Number 22 had 0.1 
part by weight of hydrated lime substituted for an equivalent 
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amount of the cement, thus making the mixture really 0.1 hydrated 
lime; 0.9 standard Portland cement; 3 parts sand; 6 parts 
stone. Number 23 was mixed with a Sylvester solution of soap 
and alum; number 24 contained finely pulverized clay to the 
amount of 5 per cent of the weight of the cement. 

These specimens were all 16 in. square and 16 ft. long. They 
were reinforced by a bar running through the whole length near 
two corners, making a loop at the top for the purpose of stiffening 





FIG. 2. GENERAL VIEW OF THE OPERATIONS OF PREPARING THE SFECIMENS, 
SHOWING IN FOREGROUND THE METHOD OF WEIGHING WATER AND OF 
MEASURING SAND. 


them, for handling and for suspension. The loop proved insuffi- 
cient for suspension and was later replaced by a big hook grouted 
into one end in which a hole had previously been cored. These 
16-ft. specimens were so hung underneath one of the piers at the 
Navy Yard, that 4 ft. of the lower end was permanently wet, 
1 ft. of the upper end was permanently dry, while over inter- 
vening 11 ft. the tide rose and fell. They were put in the water 
in March, 1909. In December, 1909, the holes above referred to 
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were sounded for water. All were dry excepting seven, which 
contained water as follows: 


Specimen number... . 1 2 1 5 7 8 15 
Inches of water... So a ee ee eee 27 


Examinations have been made of these specimens from 
time to time and some photographs have been taken of the speci- 








2 
FIG. 3.—SHOWING REINFORCEMENT, AND METHOD OF 
SUPPORTING PIPE FOR CORED HOLE. THE TWISTED al 


SQUARE, RUNNING THE FULL LENGTH OF SPECIMEN IN 
TWO OPPOSITE CORNERS, WAS USED FOR SOME TIME AS 
A MEANS OF SUPPORT FOR THE SPECIMEN. SEE FIG. 1 


mens in about as much detail as that shown in Fig. 1. Such 
photographs are on file in the writer’s office. Reports on the 
condition of the specimens appear in the Engineering Record, 
: August 19, 1911, and in the Engineering News, November 20, 1913. 
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In December, 1913, each specimen was lifted onto the wharf 
and carefully photographed. Figures 6 and 7 are half-tones 
of these photographs, made without any retouching. Any one 
who cares personally to examine these specimens will find them 
located under the cap log of Wharf No. 9 (see Fig. 1) at the ‘ 
northerly end of the Charlestown Navy Yard. A report of this 





FIG. 4 LEVELING OFF THE FACE OF A SPECIMEN AFTER 
POURING 


examination, with illustrations, can be found in the Engineering 
Record of March 21, 1914. 


It is too early to draw any definite conclusions as to whether 





all these specimens will satisfactorily resist sea water or not. 
Only slight indications of weathering show on some (Fig. 8), 
while others which were made with the expectation that they 
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would not long withstand the action of the weather already 
show signs of failure after 5 years of immersion (Fig. 9). It 
seems desirable, however, to call particular attention to the 
fact that specimens Nos. 2, 3, 6, 12, 14, 16 and 18 show little or no 
effect from the actual elements thus far. One of the specimens, 
No. 7, made of the proportions 1:3:6, dry mixture, is now 
broken in two in the middle and about 1 ft. of its length is missing. 

In thinking of these tests, one must remember that the sea 
water rises nearly to the top of each pier once in 12 hr., and that 





FIG. 5.—TO ECONOMIZE IN SPACE, THE FORMS FOR THE LATER SPECIMENS WERE 


PLACED ON TOP OF SOME OF THE EARLIER SPECIMENS. THE SPECIMENS IN 
FOREGROUND SHOW BOTH THE LOOP OF THE REINFORCING BAR, BY WHICH 
THEY WERE LONG SUPPORTED, AND THE END OF THE PIPE MAKING THE 
SOUNDING HOLE. 


once in 12 hr. the water drops. In cold weather the specimens 
are thus alternately frozen and thawed. Some of these speci- 
mens are mixed so lean in cement that they are necessarily some- 
what porous, and it must be considered that any porous masonry 
subjected to this sort of treatment would show spalling. No 
final conclusions can as yet be based upon these tests. Only 














No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 


FIG. 6.—SPECIMENS NOS. 1 TO 12 INCLUSIVE. EACH VIEW IS FROM A SEPARATELY TAKEN PHOTOGRAPH (NOT RETOUCHED 
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No. 8 No. 9 No. 10 No. 11 No. 12 





PHOTOGRAPH (NOT RETOUCHE), OF EACH SPECIMEN AS IT APPEARED DECEMBER, 1915. 























Dawes Tings 


as 


au 

















No. 14 





No. 13 





No. 16 


A SEPARATELY 


SPECIMENS NOS. 13 To 20 AND Nos. 22 TO 24 INCLUSIVE. 
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FIG. &S. DETAILED VIEW OF AN “AVERAGE 
GooD”’ SPEC IMEN, SHOWING THE AGGRE- 
GATE EXPOSED BUT WELL EMBEDDED 
IN THE CEMENT. THIS SURFACE, WHILE 
SOMEWHAT ROUGH, IS NEARLY THE 
ORIGINAL SURFACE. 





FIG. 9.—DETAILED VIEW OF AN ‘‘ AVERAGE 


POOR”? SPECIMEN (NO. 4). THE WHITE 
IN THE LOWER RIGHT CORNER SHOWS 
WHERE THE SURFACE WAS PICKED OFF 
WITH THE FINGER NAIL—INDICATING 
COMPLETE LOCAL DISINTEGRATION. 


(Small barnacles appear on both these specimens—particularly on the left.) 
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long years will show whether any of the specimens will prove 
permanent. Tables 1 to 4 give particulars as to the composition 
and condition of the specimens shown in Figs. 6 and 7. 

Nothing out of the ordinary was noticed in the tests of the 
cement used in the specimens given in Table 5 except the very 
long time taken by the iron ore cement in attaining hard set. 
This is interesting as showing the effect on the set of the almost 
total absence of alumina. The use of hydrated lime was shown 
to give a very quick set; although the initial set was very rapid, 
the paste was easily worked to a soft mix for several hours after 
getting its initial set. 

The results of the chemical analyses of the cement and 
hydrated lime used in these tests are given below. 


TABLE 6.—RESULTS OF CHEMICAL ANALYSES. 


Sulphuric Carbon 


Material. Loss on Silica | Alumina Iron Lime Magnesia 4nhvydride Dioxide 
Ignition. (5:02) AleOz) | (Fe2Os) (CaO) MgO) Soe) Co») 
White Portland. 1.69 24.58 0.29 | 8.22 62.70 1.11 1.32 
+= | Average alumina 0.96 22.08 2.57 7.21 62.60 2.74 1.56 
@ } High alumina 1.06 21.46 2.44 8.50 61.64 2.58 1.75 
=) Lowalumina 1.04 23.40 2.37 | 5.61 62.90 2.51 1.53 
© | Iron ore 0.91 24.28 9.08* | 0.94 62.12 0.43 1.75 
Made of slag 2.82 20.42 3.04 | 8.04 62.16 1.63 1.73 
Hydrated lime 1.32 18.73* 0.68 45.88 31.62 1.51 


* Including insoluble matter. 


The sand, which was very fine, was clean and of good quality. 
It contained 34.2 per cent of voids (by volume), 4.6 per cent of 
moisture (as used), averaged (dry) 98.18 lb. per cu. ft., and gave 
the following mechanical analysis: 


Number of screen iin. 6 8 10 16 20 30 50 ~=—-100 
Percentage passing 


(by weight)... 100 96.1 93.4 91.0 86.4 73.4 52.0 24.0 4.8 


The stone was a broken trap, of very good quality, con- 
taining 50 per cent of voids (by volume), weighed 90.24 lb. per 
cu. ft., and gave the following mechanical analysis: 


Size of screen (inches) } 5 1 3 3 1 13 
Percentage passing (by 
weight) . 0.25 0.50 1.75 9.75 25.25 53.00 80.75 100.00 











STEEL FORMS FOR CONCRETE CONSTRUCTION. 


By C. D. McArrTuur. * 


There is no single piece of plant equipment used by the 
contractor which lends itself more readily to the completion of 
good concrete work than the forms, yet we often find a greater 
neglect of them than of any other part of the plant. Reviewing 
projects wherein concrete has been used with the aid of forms, we 
find a great waste of time and materials, showing that not enough 
thought was given to the proper designing and handling of this 
part of the work. In many instances forms are the last things 
thought of by the contractor. An item covering the subject is to 
be found in their estimates, but often there is a lack of real knowl- 
edge displayed in making up this item. 

There are many pieces of concrete construction which do not 
require special forms; but a piece of work requiring forms that 
may be moved and reused a number of times, is sufficiently impor- 
tant to warrant economical methods of handling. 

It is the duty of the engineer to study economical methods 
of building for the structure he designs, and by doing this he can 
greatly reduce the cost. The ability to work his plant to the 
best advantage enables the contractor to make low costs and do 
his best work. 

In many instances the speaker criticises the engineer for 
paying more attention to the theory of design than to practicabil- 
ity. The standardization of details and the duplication of parts 
would greatly reduce the general cost of the structure designed. 
Many cases can be cited where the cost of forms could have been 
lowered had the design been made with that end in view. The 
designing engineer should keep in mind that part of his value 
to his client is in his ability to design a structure of the most 
economical type, and it is his duty to point out and design for 
him a form which can be duplicated so often that it enters into 
the construction of his work as a most important tool. 


* Chief Engineer, Blaw Steel Construction Company, Pittsburgh, Pa. 
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In a recent work on “‘Concrete Costs” the author says that, ‘the greatest 
trouble met with by the estimator is the lack of knowledge of what is a fair 
cost of the labor, and especially of the comparative costs of different parts 
of the same work.” He also observes that, ‘“‘the variations in form costs 
and the difficulty in estimating them are apt to play havoc with estimates 
and determine the amount of profit, or frequently of loss, in the building of 
reinforced concrete structures.” 


We find few contractors or estimators who can give accurate 
costs of the forms on much of their past work. It is difficult to 
convince a contractor that steel forms are the ones to use when 
the first cost is invariably higher than wood forms, unless he has 
given a great deal of attention to accurate form costs and knows 
that the life of wood forms cannot be compared with that of 
steel forms. 

There is no doubt that the form manufacturers are to blame 
in many cases for the adverse opinion of steel forms. The reason 
is that they have been over anxious to place steel forms on every 
concrete job that comes along and have, therefore, placed a great 
many forms on jobs that did not warrant the use of steel. 

House building with an all steel form is today out of the 
question. Good steel forms have been developed for constructing 
light walls, such as are found in house construction, but the 
ability to set up a form and pour the house in one operation is far 
from being a reality. There is no field of construction where 
greater individuality may be displayed than in building houses 
and for that reason a machine-made house is not yet a com- 
mercial success. Past performances have not shown that steel 
forms can be used successfully in the construction of workmen’s 
houses unless the work is carried on in stages with a limited 
supply of forms. 

The steel form has become one of the most important adjuncts 
to the concrete plant and no contractor can successfully conduct 
all of his work without giving serious consideration to their use. 
No single piece of apparatus has made a greater impression on the 
contractor’s work. Many articles relating to tunnel construction, 
aqueduct building, sewer and concrete costs are being published 
with only a passing reference or none at all to the steel forms 
which no doubt played a most important part in their construc- 
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tion. The publisher’s point is that generally the steel forms, 
being a patented article, should not be advertised too much in 
the reading matter of his paper. But his paper serves his sub- 
scribers best by diffusing as much exact knowledge as possible, 
and the contractor is grateful for all the data he can get about the 
work in which he is interested. The steel form industry is here 
to stay, but the manufacturers should not try to lead the con- 
tracting engineer to believe that all concrete work must be con- 
structed with their product. 

Consideration must be given to the following points before 
all branches of the concrete contracting industry will be benefited: 

First—Uniformity of concrete design, to which reference has 
been made. 

Second—The development of standard designs of steel forms 
for various classes of work, such as sidewalks, columns, beams and 
girders, walls, sewers, etc., which can be leased to the small 
contractor at a low rental price or sold outright to those whose 
business warrants their purchase as a part of their plant. The 
rental method of placing forms at the disposal of the contractor is 
the most profitable to him as well as to the manufacturer, as it 
allows the latter good profits on his first cost of production, and 
enables the contractor to obtain the use of the forms at a much 
lower figure than as if he purchased them outright. 

Third—The contractor should content himself with the 
forms that can be had from the manufacturer under a guarantee 
that they will do the work required, as this is more profitable 
than to impose conditions as to the details of construction which 
will greatly increase the form cost and be of no real value to 
the work. 

An impression prevails among contractors who have not 
used steel forms that they should be erected and handled without 
visible labor, and that they can be moved without thought or 
energy. Granted that if steel forms could not be more easily 
handled than wood forms they would not be used in many cases, 
there are other reasons why steel forms should be used; foremost 
of which is that steel forms, to be of any value, must cast as good 
concrete the last time they are used as they did the first. It is 
almost impossible to get many moves from wood forms before they 
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begin to give a rough surface to the concrete, or before they 
require additional work to keep them in shape. Not so with steel 
forms. <A good, well designed steel form can be used several 
hundred times. The speaker has seen steel forms after 200 moves 
cast a surface so smooth that it would reflect light. If the inspeec- 
tion of the work permits a rough surface resulting from the use 
of wood forms on which every grain of the wood shows, there is 
no use dwelling on the virtue of the smooth surface obtained 
through the use of steel forms. 

The designers of steel forms should keep in mind that it is 
simplicity, rigidity and economy of handling which make their 
product valuable. Simplicity implies that the forms must be 
capable of being moved and handled with the least amount of 
skilled labor, or any kind of labor. This can only be accomplished 
by making all parts interchangeable. This applies more to forms 
that are placed on the market as a standard, such as sewer, house, 
sidewalk, and forms of like nature. Every form job must be 
studied on its own merits. It is often impossible to keep away 
from special parts where forms are designed for a special piece of 
work. In this case the designer should remember that he must 
take from rather than add to the number of parts required, thus 
making the design as simple as possible. Rigidity forgotten has 
caused many a form to give way under its load and ruin the 
concrete. It matters not how simple the design is, if the form is 
too light it is of little or no value. Wall and house forms must 
be able to take all pressures placed upon them. With the rods 
spaced at intervals the pressure must be evenly distributed so 
that no bulging of the plates occurs. This can only be accom- 
plished by causing the tie rod to receive its load from some impor- 
tant member which in turn has received its load from the plate. 
In case of sewer forms of the arch design, they can be lighter per 
square foot than any other type, but must not be so light as to 
distort under load. Sidewalk forms have their value chiefly in 
their simplicity of erection and the removal of the several parts. 
Round column forms produce a true round smooth surface, which 
it is impossible to obtain with wood forms. 

Economy of handling steel forms must be placed next to 
longevity. If the form manufacturer can not show that his steel 
forms can be handled more cheaply than wood forms he will 
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have a hard time making a sale. Marked ingenuity has been dis- 
played in steel form design in the handling mechanism. It is 
to the advantage of the contractor to look carefully into the 
method of handling the forms rather than to details of con- 
struction. There are no forms on the market that show no 
marked weakness in details; but to erect and move them is 
another story. 

Let us dwell no further on the possibilities of using steel 
forms and the reasons therefore, but hasten to a review of the 
many engineering projects where steel forms have been used. 
It can not be claimed in all cases that the use of steel forms has 
resulted in an economical method of construction, but we surely 
would not be able to show so many excellent examples if the steel 
form did not possess great merit. The sjeaker believes there 
have been few large engineering projects constructed in this 
country in the last 5 years on which steel forms were not used in 
parts or in all the work. Among those of great importance are 
the locks of the Panama, Frie and Soo canals, the New York 
subways, the Catskill Aqueduct, and the new sewerage systems 
of Louisville, Indianay olis, St. Louis, Baltimore and Brooklyn. 


ACQUEDUCTs. 

The Catskill Aqieduct has proven the superiority of steel 
forms over wood to a greater degree than any other engineering 
project. The great length of this aqueduct, divided as it is into 
cut-and-cover, grade and pressure tunnels, with each type 
uniform in section, made the use of steel forms a necessity. It is 
in this work that the designing engineers kept in mind the value 
of standard sections. There was used more than 7,000 tons of 
steel forms on this work. It would take 250 cars to transport 
them, and if hauled in 5-ton auto-trucks they would require a 
train of trucks more than 7 miles long. 

With the exception of a few sets of these forms, all that were 
used on the cut-and-cover work were telescopic (Fig. 1), and 
were so constructed that they could be used on curves as well as 
on tangents. This was accomplished by making each section of 
forms similar to the sections of a stove pipe. When the sections 
of forms were assembled with all of the short sides of the section 
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on one side of the work, they would take a curve of 200 ft. radius, 
and when the sections were assembled with short and long sides 
of the sections alternating, they would make a straight line. The 
reversing of the sections was done on a turn table traveler on which 
the forms were moved. The outside forms were made for tangent 
and curved sections in a similar manner to the inside form. The 
outside forms were generally handled by a locomotive crane 
which ran on a track near the trench. The cost of handling the 
inside and outside forms in this cut-and-cover work ran around 
16 cents per yd., or about 0.8 cent per sq. ft. 

The grade tunnels were of the same height (17 ft.) as the 
cut-and-cover, but were 13 ft. 4 in. wide. Steel forms were used 
for all of these tunnels aggregating a length of over 12 miles. 
These forms were constructed with a working deck about 11 ft. 
above the sub-grade, allowing ample room for placing the concrete 
from this deck and giving clearances for the passage of work cars 
under the working platform. 

The pressure tunnels, which total more than 40 miles, are 
being lined with steel forms throughout. Nearly all of these 
forms are of the half round type. One-half circle works on the 
side walls and invert and another half circular form is used on the 
crown. The cost of moving half circle tunnel forms of diameters 
over 12 ft. is 1 cent per sq. ft. Grade tunnel forms have been 
moved as low as 0.5 cent per sq ft. 


SUBWAYS. 


The New York subways have presented a more difficult 
steel form proposition than the Catskill Aqueduct. On account of 
many of the subways being constructed, of steel columns, beams 
and girders encased in concrete in the shape of jack arches, in the 
maize of timbering required to support the streets and adjacent 
buildings, it is almost impossible to use steel forms to great 
advantage in any considerable amount. Many sections of this 
work are being constructed on steel forms of a light rigid type 
that are giving great satisfaction. The heaviest steel forms used 
in subway construction were those of a section on the Fourth 
Avenue Subway in Brooklyn. These were built in four 40-ft. 


units, placed side by side: the four tubes being construeted in 
one operation (Fig. 2). These forms weighed over 1,400 lb. per ft., 
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and with the aid of screw jacks and chain hoists, so arranged that 
a 40-ft. section could be collapsed at a time, a section was moved 
and re-set in less than 2 hours, at a cost of less than 0.5 cent per 
surface foot of forms. Another interesting set of steel forms is 
being used in the construction of another four-track subway in 
Brooklyn. The contractor was so well pleased with the progress 
he was able to make with these forms that he has duplicated his 





FIG. 3.—HALF-ROUND SEWER FORM. 


(Constructing Brick Crown. 


order. In the construction of the new Boston subways, large 
numbers of steel forms also are being used. 


Locks. 


The lock now being constructed at the Soo is one of the 
largest in the world. The side wall with an unbroken length of 
over 1,300 ft. has given an excellent opportunity to use steel forms 
to the best advantage. The forms are erected in 30-ft. units 50 ft. 
high, and six such units weighed 450 tons, or 100 Ib. per sq. ft. 
One thousand yards of concrete was deposited continuously in 
one wall block. The deflection of the plates was never more 


than 4 in. 





McARTHUR ON STEEL ForRMS FOR CONCRETE. 287 


SEWER Fors. 


Some opposition is still encountered to the use of steel forms 
for sewer construction. If the sewer is long enough, regardless of 
its shape, there is no doubt that steel forms are better than those 
of wood. 

As a matter of fact the first steel forms placed on the 
market were for sewers for which use they have been a great 
suecess from the start. There have been hundreds of miles of 
sewers built over steel forms 
in cities all over the country 
(Fig. 3). Cireular and egg- 
shaped sewer forms can be 
rented at such a low price that 
no contractor can afford to 
use wood. 

Many excellent pieces of 
work could be referred to but 
special attention is called to 
the 25-ft. semi-circular sewei 
in St. Louis, which is one of the 
largest in this country. The 
Passaic Valley Sewer, designed 
to carry sewage from cities 
along the Passaic River to New 
York Bay, is being built on 
steel forms for almost its entire 
length. At New Orleans a 
25-ft. flat top box sewer is now 





FIG. 4.—HALF-ROUND SEWER FORM. 
being constructed on_ steel Constructing Invert. 


forms. It matters not whether 

the sewer is round, egg-shaped, box or horseshoe shaped, the 
speaker strongly advocates the use of steel forms. Many city 
engineers throughout the country are favoring the use of steel 
forms and are calling for them in their specifications. 

The accepted method of using forms for sewer construction 
where the work is carried on in two stages (first the invert and 
second the crown), is to use only half the number of forms on 
the invert that is used on the crown, as it does not injure the 
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invert to move the forms a few hours after the concrete is set. 
Curves (Fig. 4) can easily be taken care of by opening the joint 
of the sections and using a thin cover plate at the joint. 
Twelve 5-ft. sections of crown forms have been pulled ahead 
at one time at a cost of from 10 to 15 cents per ft. 


WaLt Forms. 


Retaining walls are excellent concrete jobs on which to 
use wall forms of a type heavier than house forms. On work of 
this kind the best results have been obtained by the use of special 
travelers with which the forms are moved (Fig. 5). Concrete 
in large mass can be placed in these forms with little danger of 
buckling the plates. This kind of wall form can be leased from 
the manufacturer at a low rental price, or can be purchased out- 
right by a contractor who desires to add them to his plant equip- 
ment. Forms of this tyne can be moved with a traveler for 
+ cents per sq. ft. The forms used at Panama, as well as the 
forms used at the Soo, were of a special type. Special forms of 
heavy type were used on the Erie Canal. These forms are made 
from heavier plates than standard forms. They are also rein- 
forced with angles and channels, and are carried by the traveler, 
which is heavy enough to hold the forms against the conerete 


pressures, 
House Forms. 


House and light building forms are fast gaining favor with 
contractors who do such work as light wall, house and foundation 
work. There is a form consisting only of plates which are held 
together by a hand locking device attached to the plate; this is 
the simplest on the market, as there are but few pieces to handle. 
Another form of similar type is lined up and kept in adjustment 
with metal liners which are attached with clips and wedges. 
This is move easily kept in alignment than any of the house forms. 
Forms of this type are moved and re-set at a cost of 1.5 to 3 cents 
per ft.; depending entirely on their size. No special traveler or 
moving crane is required to handle them as all parts are light and 
can be easily moved by hand. The same house form can be used 
on walls of considerable height by removing the lower courses 
and raising them to a higher position. On account of the great 
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variation of design in work of this kind, no standard form has yet 
been designed for it. 
CoLtuMN Forms. 

Column forms of the square and circular type can be leased 
at a very reasonable price. Contractors of building construction 
should investigate the column forms and cap forms that are on 
the market, as there is a great economy in their use. 








FIG. 6.—GRAIN SILO FORMS, COMMERCIAL MILLING COMPANY, 
DETROIT, MICH. 


SIDEWALK Forms. 

Sidewalk, curb and gutter forms can be purchased at a very 
low price and no contractor today can afford to use wood forms 
for this work. 

Sito Forms, 


Silo forms are also on the market as a standard article. Little 
can be said of their economy unless an outfit is used in the con- 
struction of many silos (Fig. 6). 
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TUNNEL Forms. 

Sand Patch Tunnel on the Baltimore and Ohio Railroad was 
lined with four 40-ft. units of steel forms. The tunnel is 31 ft. 
wide and over 4,000 ft. long, and with these 4 units of forms the 
contractor broke all tunnel lining records by a progress of 40 ft. 
of finished tunnel every day for 50 consecutive days. 


STEEL Riss. 


Steel ribs for arch and bridge construction are now being 
extensively used. Steel ribs have been used on the 120-ft. span 
bridge at Allentown, Pa. (Fig. 7), on the 115-ft. span bridge at 
Baltimore, on the large bridges of the Delaware, Lackawanna and 
Western Railway, and on many other bridges in the past few 
years. 

We find a great many special forms on the Catskill Aqueduct 
aside from the cut-and-cover and tunnel forms. Here we have 
block forms for casting the facing blocks used in constructing 
Kensico Dam. The blocks are about 3 ft. square by 7 ft. long. 
The concrete is placed in the forms direct from the traveling 
mixing plant which runs on tracks on the outside of the three 
rows of forms. The cost of the mixing and placing of the con- 
crete, together with the handling of the forms and stacking the 
finished blocks, is about $1 per yard. 











DISCUSSION. 





Mr. Leonarp C. Wason.—I would like to say a few words in Mr. Wason. 


regard to steel wall forms of the type described by Mr. McArthur. 
The company in which I am interested has used them on two 
different buildings. It is quite interesting to note that the atti- 
tude of the contractor’s field force has a great deal to do with 
success in the use of the forms; although those in the main office 
may feel very favorable to their use. 

On one job the superintendent, though he liked the forms, was 
not especially enthusiastic for them. He was using a small 
quantity on one part of his building, and in three other parts he 
was exactly duplicating the operation with wooden forms. As 
there was not a great deal of it, the work was intermittent. He 
sometimes used a new gang of men each time the steel forms were 
moved. In this case, the direct wage cost to make, erect and strip 
was 12.8 cents per sq. ft. and the wood work cost 10.8 cents per 
sq. ft. of surface content. 

On another job, the traveling superintendent and job super- 
intendent were both enthusiastic over the use of steel forms and 
spent considerable time and thought on their use. Much better 
results were thereby obtained. Here, by the way, they were 
used exclusively, so that the men were broken in to use them 
constantly. The first time was in an experimental way in a 
temporary shanty that was put up for the men’s use during 
extremely cold weather. Fig. 1 shows the second building con- 
sidered under construction, with the steel forms in place. The 
sample cost 7.5 cents set up. The first time they were set up on 
the job they cost 10.5 cents, including the original assembling. 
The most straightforward part of this work was arranged as task 
and bonus work. There were three carpenters at 55 cents an hour 
and three helpers at 30 cents in each gang. They erected the 
work for 5 cents per sq. ft. This shows how the attitude of the 
job superintendent is reflected in the costs. 
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On the first job in question, 1,800 sq. ft. of forms were leased Mr. Wason. 
and were used on the average 16} times, with the following results: 


Tower WALL. 
Wood, 53,081 sq. ft Blaw, 18,327 sq. ft 


Make, erect, strip .. .. 10.84 12.80 
Unload material 0.15 0.15 
{ubbish 0.17 0.17 
¥ Total labor 11.16 13.12 
Lumber or rental 2.91 1.95 
Sundry material 0.60 0.60 
Total material 3.51 2.55 
Plant (labor and material). 0.20 0.05 
Comparative cost 14.87 15.72 


On the second job, the first set of forms were transferred and 
enough more were leased to make altogether 20,500 sq. ft. and 
were used on the average 134 times. Therefore some of them 
were used 30 times, and at the completion of the work there was 
no difference in the appearance of those which had been used 
only 13 times and those which had been used 30. The results 
on the second job were as follows: 


Make, erect and strip 9 22 cents 
Unload material 0.61 cents 
Total labor 9 S84 cents 
tental 2.70 cents 
Sundry material 0.34 cents 
Total material 3.04 cents 
Plant (labor and material 0.05 cents 
Total cost 12.93 cents 


Attention is called to the material cost, 2.7 cents per sq. ft. 
Knough wedges and shims were included in the lease price of 
30 cents per sq. ft. to set the work up once and a fair allowance 

; over this for loss and breakage. The loss on this item was so 
great that we had to purchase enough more shims to be equal in 
price to 6.9 cents per sq. ft. of forms, which, spread over 13} uses, 
amounts to 0.52 cents per sq. ft. Thus the 2.7 cents includes 
0.5 cent for shims and wedges and 2.2 cents for lease of forms. 
Although the general average of the whole job, which amounted 
to 266,905 sq. ft. of wall centered, was 9.23 cents for direct labor 
due to a number of irregularities; on the plain work which dupli- 
cated regularly this cost was reduced to 7.73 cents, and on a part 
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FIG. 2. 


—DRAWING SHOWING DETAIL REQUIRED IN THE USE OF METAL FORMS. 
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of the simple work by methods of task and bonus the erection 
cost only was reduced to the figure previously stated. 

Fig. 2 reproduces a drawing made in my office, and shows 
something of the detail required. Every panel joint and member 
is shown. There are something over 1,100 panels to put up on 
ach side to build a wall about 73 by 100 ft. It necessitates a 
careful study in the office in advance to get the best results; to 
be sure that every detail is thoroughly thought out; thought out 
long enough ahead that the form builders can produce the work in 
time not to delay actual construction. If a person is willing to 
go to this trouble, he will be justified in the cost results obtained. 

The total cost of steel forms is 30 cents per sq. ft., when they 
are leased and returned. With wood, on the average, 3 cents or a 
little less per superficial foot of contact is the cost after spreading 
the first cost over 4 times used. Thus it is necessary to use steel 
forms over 10 times to bring the average cost of materials per 
square foot down to that of wood. Now with wood, the forms are 
so much shaken and damaged that after 3 or 4 uses they are prac- 
tically worn out and have to be replaced, while the steel forms on 
this job were in very good order after an average use of 134 times. 

I have not had the experience of using steel forms to destruc- 
tion. I have used them 30 times. I consider 45 uses conserva- 
tive for their life and that during this period probably 3 cents 
per sq. ft. will be spent for upkeep and that when worn out 0.4 
cents a pound, or 3 cents per sq. ft. can be obtained for the 
metal as junk. Thus if the forms are bought (instead of leased) 
at 45 cents per sq. ft. the cost per use will be 1 cent per sq. ft. for 
panels. Adding our past experience with wedges, would thus make 
the total cost of materials for steel form work 1.5 cents per sq. ft. 

The appearance of this particular job is very much better 
than has been obtained in the past with wood. The lines were 
true. If you squint up the edges of the columns they look almost 
as true as they can be made; squint horizontally along the beams, 
they are also true. The surfaces are smooth, there are none of 
the irregular corners that you get with boards when they shrink 
and there is a crack, or where, if a little weak, they spring. It 
was much easier to finish the surface after the forms were stripped. 


This work was done and is being done right now at an exposed 
point on Boston harbor; therefore the work has to be heated. 
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There is more danger, I think, of transmission of the heat to the 
concrete through steel forms than there is through wood. 
Salamanders are placed on the stage near new work and unless 
sare is used different parts of the wall are too unevenly heated. 

The small wedges and keys which are used are a nuisance. 
They are so small they are easily lost. On this first job there 
were three times as many provided as were actually necessary 
to set up all the forms, and after the workmen set them up four 
times there were hard'y enough to go around the fifth time. 
More had to be obtained. We tried to save them by putting a 
man with a pail at the special task of picking them up as soon 
as they were removed. The bonding and wedging of panels 
together is something that will have to be carefully studied by 
the makers and improved upon in some way, so that the keys 
stay with the plates and will not be lost by falling to the ground. 

Mr. T. H. Skinner.—I would like to ask Mr. Wason if the 
figures given cover the overhead expenses of his office in making 
the plans for this work. 

Mr. Wason.—They cover only the overhead job cost, that 
is, office expenses of the job, including superintendent, the time- 
keepers, watchmen, etc., also the cost of receiving, storing, setting 
up, taking down and moving to a new position, and their final 
removal from job. 

In regard to making plans such as these and of forms in 
general, the engineering office expense runs, for a small job, from 
about 45 cents per 100 sq. ft. of surface contact to about 5 cents 
on a regularly designed big building. Five cents per 100 sq. ft. 
you see is too small a cost to worry much about. I might add 
that a good many years ago when we simply sent a set of blue- 
prints of the building to the foreman and left him to work out 
his own form designs, column forms used to cost for direct labor 
as much as 18 cents per:sq. ft. and floors 12 cents. 

Now we spend much time in the office making plans; some- 
times we make as many as forty-five sheets of form details for a 
simple building. These designs may cost 0.2 cents per sq. ft. 
of form work. If the cost for labor for floor forms, for instance, 
runs over 4 cents per sq. ft., we want to know what is the matter, 


and if it runs over 7 cents for a column we usually make a row. 
I have always said that a dollar spent in the drafting room usually 
saves ten on the work, and I think it saves more sometimes. 

















FULL-SIZE TESTS AND THEIR VALUE IN 
CONCRETE CONSTRUCTION. 


By Burtis 8. Brown.* 


Testing is one of the branches of engineering in which there 
has been considerable development during the last 10 years. 
We have been familiar for many years with laboratory tests, such 
as are carried on at the various technical schools, and the govern- 
ment testing stations. Supplementing these tests, come those of 
the newer branch, known as field or full-size tests upon completed 
structures. 

There are many advantages in determining the strength of a 
structure. It places a premium on good workmanship as well 
as on good design which the speaker believes is most essential in 
all reinforced concrete work. 

At the 1910 meeting of the Association, Arthur R. Lord gave 
a paper on the full-size test of the Deere and Webber Company’s 
building; since then about 25 tests have been made and reported, 
while many others have been made but not reported. It is 
refreshing to note that several of the large concrete construction 
companies are conducting tests to prove the merit of their work. 

Most of you know that in Chicago, all new systems of flat 
slab construction of reinforced concrete must be tested by engi- 
neering experts selected by the Building Department. Test 
panels are selected at random by a representative of the Building 
Department and tested with double the designed load. The 
results of one of these tests form the basis for future requirements 
for that particular system. 

Many of you were present last year at the Pittsburgh Con- 
vention and saw the compression test of the large reinforced con- 
crete column in the 10,000,000-lb. testing machine. Further 
tests on concrete columns begin next week at Pittsburgh. We 
are also all familiar with the splendid information given out so 
freely by the University of Lilinois Experiment Station on the 
results of the testing done under the direction of Arthur N. Talbot. 


* Consulting Engineer, Boston, Mass. 
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There are few tests on concrete bridges. Mr. D. A. Abrams, 
Engineer for the Illinois State Highway Commission, has designed, 
and had constructed at one of the Illinois penitentiaries, a 40-ft. 
span bridge. This the convicts loaded to destruction with gravel 
and iron. Strain gage readings and deflections were taken. 
A report of this test can be found in the last volume of Proceedings 
of the American Society for Testing Materials. Similar work has 
been attempted on completed steel bridges, but without success, 
due fo difficulty in eliminating temperature stresses. 


Metuop or MAKING Loap TEstTs. 


There are three methods of making load tests depending on 
the size of the floor to be tested, namely, to apply a load to: 


(A) A portion of the floor of the completed building. 
(B) A single isolated panel (built for test purposes). 
(C) The entire floor of continuous spans. 


Nearly all the tests conducted have been by method (A), that 
is, on a portion of a completed building. This is the most logical 
method, because it is under the actual working conditions. It 
is not considered good practice to require a test load of more than 
double the designed load. 

Method (B) is satisfactory for structures of wood or steel 
but does not give results of prime importance for those of rein- 
forced concrete, except for non-continuous spans. 

There has been, to the writer’s knowledge, only one test 
made by method (C). That was the test made under his direction 
at the Worcester Polytechnic Institute at Worcester, Mass., with 
the co-operation of the University of Illinois. 

As mentioned above, completed buildings should not be 
tested to more than twice their design load, because they are 
likely to become permanently strained, and it is difficult to repair 
the damage. <A contractor for a structural steel frame would 
not consent to a test to more than the elastic limit, that is, twice 
the design load. Testing to ultimate loads, when the strain gage 
is used for the readings, does not give results of scientific value 


, . stress , : 
because the ratio E= — is not constant above the elastic 
strain 
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limit. If a structure is built purposely for testing, it should be 
located on rigid foundations. The best location is on a ledge. 
The proportion of over-load for one floor in a finished building is 
not great, but with a test structure a large factor of safety should 
be employed in the design of the foundations. It should be 
located where the loading material can be obtained easily, and 
also placed on the slab by a crane, derrick, clam-shell or grab- 
bucket provided with a weighing device. The method of loading 
used by Mr. Abrams has many excellent features. 


SUGGESTIONS FOR TESTING. 

To successfully carry out a test of this kind much forethought 
and study must be given to the details. A schedule should be 
made out and rigidly followed. On every important test, the 
writer believes that there should be at least three investigators, 
one in charge of each branch of the work, namely: 


Observers; two at least, 
: . Recorders; one for each ob- 
(a) Expert in laboratory work; 
server, 

Calculators. 

building platforms and observa- 
‘ ’ : tion boxes, 
(b) Contractor’s representative; 4 ' 
placing load, 


removing load. 


(c) Designing engineer or his | general oversight, 


representative; checking load. 


The number of men under each investigator depends on the 
size of the test and the speed with which it must be carried out. 
It is found that men who are familiar with laboratory work in 
colleges or in technical schools are more efficient for this sort 
of work. 

Tests by contractors usually show great advantages for 
their particular system and the results obtained are thus dis- 
counted unless carried on by disinterested persons. The presence 
of independent investigators give the results much greater value 
as scientific data. 
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Although hard to regulate, the time of the year is an impor- 
tant factor, in this kind of work. The season when the tem- 
perature is uniform, as in the spring and fall, is more advantageous 
than in the season of extreme heat or cold. Temperature condi- 
tions should be very nearly the same for each set of readings. 

One of the details requiring much forethought is the location 
of the gage points where the stresses are to be measured. In 
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76.1 BLOCKS AT TENSION READING. 


ach test these locations vary, depending on the ultimate object 
of the test. It facilitates and also permits better work if the 
locations for gage readings are given ahead and wooden blocks 
placed between the steel and the bottom of the slab when the 
concrete is being poured, as it is difficult to find the rods after 
they are surrounded by concrete. 
Also the bond is likely to be injured 
by too much cutting. . Fig. 1 shows 
the method of locating the gage 
points for tension readings at the 
Worcester test. While Fig. 2 shows 
the details for compression test. 
Briefly this consisted of a 1 in. 
length of 2 in. diam. steel rod. This 





Fig.2. PLUG AT COMPRESSION READING 


is set in plaster of Paris and drilled after the plaster is hardened. 
Data sheets to record the readings should be prepared before 
beginning the tests. A very satisfactory description of the 
instruments required, is given in Bulletin No. 64 of the University 
of Illinois. 
Precise levels should be taken on all columns under the test 
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load, and also those supporting the adjoining bays. Some 
apparently erratic results can be explained by settlement of 
columns. The deflectionmeters should not be depended upon 
to measure the deflection for any large load in compression. Zero 
readings should be taken by two independent observers. Any 
large error will be detected by this precaution. It will also reduce 
the effect of the personal equation. At each increase of load one 
set of readings is taken until the final readings are reached. Final 
readings are observed by two persons. Both sides of the flat 
slab should be whitened to assist in locating the first occurrence 








FiG. 4. VIEW OF WORCESTER TEST SLAB. 


of very small cracks. While cracks do not show definitely the 
exact location of weakness yet they indicate the approximate 
area of overstrain. 


DESCRIPTION OF THE WORCESTER TEST. 

The floor built at Worcester in 1913, was unique since it was 
constructed solely for test purposes. As shown in Fig. 3 there 
were 16 bays of flat slab construction with column centers 14 ft. 
apart so that the area of slab supported on the 25 columns was 
57 ft. 4 in. sq. 
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Four different types of construction were designed, each type 
having one interior bay and three exterior bays. The work was 
carried on in an entirely unbaised manner, without any desire 
to prove or disprove any particular theory. In Fig. 4 a general 
idea can be gained of the method of loading. About 365 tons of 
gravel was loaded on the slab and strain gage readings were 
taken at points for four different loadings. The slab broke away 
from one of the interior and three of the exterior columns. The 
load has been permitted to remain’on the slab through the winter 
and one corner has completely collapsed. 


FUTURE OF TESTING WoRK. 

It is the writer’s opinion that much study and progress will 
be made in the near future in the methods of making full-size 
tests. By this means the cost of engineering structures will 
reduce. The factor of ignorance is one of the most costly items 
in construction work. This opportunity to save, added to the 
efficiency system savings will surely be appreciated. The possi- 
bilities are unlimited for obtaining data to assist in the design of 


such indeterminate structures as arches, retaining walls, ete. 
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DISCUSSION. 


Mr. H. D. Kerr.—I would like to ask Mr. Brown if those 
steel rods that broke when the overload occurred were the com- 
mercial twisted steel rods. 

Mr. B. 8. Brown.—The rods were of mild steel with an 
elastic limit that varied from 42,200 to 44,400 lb. per sq. in. 
The slab was 5} in. thick, with eight ~ in. diam. plain round 
rods in the cross bands in the sides and eleven 3 in. diam. plain 
rods in the diagonal bands. 

Mr. L. J. Menscu.—Do I understand that these slabs fell 
under three times the concrete design load? 

Mr. Brown.—There was one of them that fell under a little 
more than four times the design load. One of the footings settled. 
The soil was splendid looking gravel and the load on it was less 
than 2 tons per sq. ft. There was a soft pocket below one footing. 
The purpose of this test was not to prove or disprove any particular 
theory, but to make sure that the design of a big building was 
all right. A test on an interior panel was desired and that made 
it necessary to build nine panels; and then it was thought that 
it might be just as well to build sixteen and secure four interior 
panels with the corresponding exterior panels. Considerable 
pressure was brought to bear after all the steel and cement was 
delivered at the site to build individual panels, of sixteen different 
kinds, rather than one large continuous floor test with only four 
kinds. After consultation with Prof. Arthur N. Talbot, Mr. 
Sanford E. Thompson, Prof. A. W. French and several others, 
it was decided to continue as originally planned. The design 
live load was 100 lb. per sq. ft. on the large capitals and about 
63 Ib. on the small capitals; the latter was an unsymmetrical 
design in which the steel was much stronger than the concrete. 
There was one variable in each group, and instead of figuring 
the amount of steel required, the same amount of steel was used 
that was used in the slab with the larger capital. It failed between 
900 and 250 Ib. and so had over four times the design load; the 
failure was due to the slab breaking. The columns were of rein- 


forced concrete, 14 in. sq. 
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Mr. C. HeELLerR.—I would like to ask Mr. Brown or any other 
member present, whether he has ever tried to use the flat slab in 
tension with a structural column. 

Mr. Brown.—lIn the ten-story Paine Building the H see- 
tion was used. In the Fast Boston Terminal the H section was 
also used. In the eight-story Friend Street Building structural 
steel columns made of the customary plate and four angles were 
used; all of these were buildings with flat slabs. The Quiney 
Market has also structural steel columns. 

Mr. Hetter.—What would be the head of the column of 
the flat slab? 

Mr. Brown.—Just the same as for any other slab. There 
is no difficulty; just carry the rods around the structural steel, 
and build a shelf under the column head at each floor or every 
other floor to transfer the load into the steel column. The 
Quincy Market was most unique in that respect. The structural 
steel column core was star shaped made with four angles back 
to back and these carried the load introduced at every other 
floor from the concrete shell that carried the load for two stories. 
Then around those angles were placed pieces of galvanized iron, 
so that the steel core acted independently of the concrete. In 
later designs we depend wholly on the structural steel core to 
carry the entire load, and the concrete surrounding the steel is 
simply for fire proofing purposes. 

Mr. T. L. Conpron.—It seems unfortunate that the author 
of this paper has not added.something about the details of the 
construction of the slabs tested. What he has told us about the 
site selected and the general nature of the experiment is interest- 
ing, but his paper would have been much more valuable had it 
included a description of the methods of reinforcing the slabs 
and the actual results of the tests. He states that the slabs were 
designed for a live load of 100 lb. per sq. ft. and tested with a 


load of 300 Ib. per sq. ft. It is, therefore, somewhat astonishing 
to learn that this test load caused the absolute destruction of 
some, and very serious injury to other panels; for in Chicago we 
are required to make tests of reinforced concrete floors—using : 
test load equal to twice the live load plus the dead load—and 
it frequently happens that slabs designed for 100 lb. live load 
are tested with practically 500 Ib. per sq. ft. under which load 
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they show only slight deflections and no signs of permanent 
injury. In view of the fact that the spans of these slabs were 
only 14 ft. it is very evident that part of the design, at least, 
would hardly be considered good for 100 lb. working load. It is 
hoped that the author will, before his paper is published, add 
some of this really important data, in order that members of 
the Institute may gain knowledge from such an _ extensive 
experiment. 

Mr. Brown.—I have tried to tell you just as far as I could 
the conclusions and the points that I expect to cover in another 
paper. In digesting this information I find new points are con- 
stantly being brought out and it will be better for the profession, 
to wait until the results of this test are thoroughly digested. 

Mr. W. P. Anperson.—Mr. Brown spoke of determining 
the stress in the steel by extensometer readings. Now, of course, 
tests of this kind are very valuable, but a person should not draw 
wrong conclusions from those readings; as far as I know no tests 
have been made to determine whether the stress in steel over 
several inches is uniform. The stretch in that length might 
indicate a stress of 10,000 Ib., but in that distance there may 
be cracks in the concrete, and at the points where the cracks 
occur it might be stretched to 20,000 lb. The steel between the 
cracks adheres to the concrete and the adhesion might affect the 
expansion of the steel. I do not know whether it affects it or 
not but until tests are made which determine the effect of the 
expansion of steel imbedded in conerete in relation to the effect 
of the expansion when it is not so imbedded, extensometer read- 
ings should be taken with allowance for possible error due to the 
imbedment of the steel. The stretch may be unequal, and if it 
is unequal there may be certain points where the steel is stressed 
beyond the amount indicated by the reading. 

Mr. W. A. CouuineGs.—I should like to ask Mr. Brown if 
the middle panels showed a better general effect than the out- 
side panels. Was there any sympathetic action shown? 

Mr. Brown.—When the exterior panel gave way, we first 
noticed a crack in the concrete in the corner column having the 
small sized capital, and when that broke it affected the interior 
panel. The cracks were not so numerous in the interior bays. 


In answer to Mr. Anderson’s statement, I will say that we can- 
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not depend too much upon these extensometer readings. A great 
deal depends on the use of the instrument, and it requires an 
expert to use it successfully; but when two independent observers, 
with two independent instruments, having different ratios, figure 
the stresses with variations in the results of from 25 to 50 Ib. 
(a great many of which absolutely check), it would seem that 
this is due to something more than coincidence. We must use 
common sense in interpreting any readings and the results show 
that the instrument is fairly correct. 

Mr. ANDERSON.—Mr. Brown does not grasp the point that 
I endeavored to bring out. I have no doubt that the average 
of the readings gives the average expansion of the steel, but the 
point I would bring out is that the expansion for 8 in. may not 
give the stress at the point where the steel is stretched higher. 
The effect of the bar of steel in concrete will be a combination of 
concrete and steel over certain sections. If a crack occurs it would 
have the tendency to make that a weak section which might be 
only jg in., but the stress in that jg in. might be 2 or 3 times as 
great as the average stress for the 8 in. What I tried to bring 
out is that experiments should be made to determine the effect 
of the elongation over a certain length of steel imbedded in con- 
crete, as compared with the elongation when it is not so imbedded, 
before definite data as to resultant moments from actual maximum 
stresses In structures can be obtained. 

Mr. Coxiuines.—lI should like to ask Mr. Brown whether 
the test that he made as a basis for designing the Paine Building 
was satisfactory, and whether he tested this building. 

Mr. Brown.—-We designed the Paine Building first and we 
had the first two or three floors constructed before the test was 
completed. The building has not been tested. The concrete 
floors are in, but the rest of the building is not completed. I am 
so well pleased with the excellent showing in the Worcester Test 
of the superiority of the four bays similar to the Paine Building 
that further tests are entirely unnecessary. 

Mr. Menscu.—lI think our President can bring better proof 
than anybody in this room of the point brought out by Mr. 
Anderson. I have before me Technological Paper No. 2 of the 
Bureau of Standards,—by Richard L. Humphrey and Louis H. 
Losse, in which is recorded tests of 333 beams. Each beam was 


Mr. Brown. 


Mr. Anderson. 


Mr. Collings. 


Mr. Brown. 


Mr. Mensch. 











Mr. Mensch. 


Mr. Brown. 


Mr. Mensch. 


310 Discussion ON FuLL-SizeE TEstTs. 


tested and the elongation taken both in compression and tension. 
I suppose they were taken with greater care than could ever be 
expected in a building. Probably the temperature conditions 
were also better. I find, for example, beam No. 344 failed at a 
total load of 6,800 lb. I find that at a load of 4,000 lb., just 
about 60 per cent of the ultimate load, the extension of the steel 
was 0.000183 in.; if you multiply this value by 30,000,000, the 
modulus of elasticity of steel, you obtain a stress of 5,500 lb. 
The extensometer gives us a stress of 5,500 lb. in this case, at 
a stage of loading where the factor of safety is only 1.75. I ask 
you what good are extensometer readings? We believe we have 
a great factor of safety when we have a stress of 5,500 lb., while 
actually we have a factor of safety of only 1.75. We do not 
‘are what stress we have in our structures, as long as we know 
we have a large factor of safety. Years ago high grade steel wires 
were used as concrete reinforcement and a stress of 30,000 Ib. 
per sq. in. was allowed. 

Mr. Brown.—How are you going to get your bond that 
way? 

Mr. Menscu.—lI can suggest many actual tests. In the 
Matrai system we used steel wire stressed to 30,000 Ib. per sq. in. 
There was only one case to my knowledge in which there was 
a failure of that system. I cite another test from the above 
mentioned paper. For example, beam No. 354 failed at 9,600 lb. 
At a load of 5,000 lb., which is more than 50 per cent of the 
ultimate load, the stress in the steel was 5,700 lb. The extenso- 
meter gives you a stress of 5,700 lb. You certainly would expect 
a high factor of safety at this low stress but you have only a 
factor of safety of less than 2. Hence all these extensometer 
tests, as they are used nowadays, are practically of no value. 
The only way they would help you is, by making test beams of 
about the same depth and span at the same time you make the 
floors and reinforce these beams with the same percentage of 
steel; where 0.25 per cent of remforcement is used in the flat 
slab, use 0.25 per cent in the beams; then load these beams with 
known loads and find the extensions you obtain with your extenso- 
meter under the known loads and known bending moments and 
test also these beams to destruction. Then you will know your 
factor of safety, and by comparing the extensometer readings in 
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the structure with those in the beams, and by making proper 
allowances for the various conditions under which the tests are 
made, you will obtain reliable information. That is the only 
way you can get reliable tests; tests as made to day, are only 
money thrown away. And besides, they cause engineers who 
represent commercial companies to tell engineers and architects, 
that slab construction, as proposed by them, is proper construc- 
tion, when in fact the factor of safety is only about 2. Take, for 
example, the tests made by Mr. Lord in Minneapolis.—if we 
compare these tests with the information given in Technologic 
Paper No. 2 there was not a factor of safety of 2. Generally it 
was declared to be a very good test and to show that flat slabs 
are reliable. Of course, you might say it is not necessary to 
have a factor of safety of 4, but this should be clearly understood. 
There were similar tests on flat slabs, made by others in some 
of which extensometer stresses of 20,000 lb. per sq. in. were found. 
What factor of safety have you then, when at 6,000 Ib. the 
extensometer stress is not more than 2? I find a stress of 
20,000 Ib. at a load of 5,500 Ib., that is 80 per cent of the ultimate 
load, or a factor of safety of 1}. 

Mr. ANpDERSON.—As possibly some did not understand the 
point that I wanted to bring out I would like to illustrate it by 
a rubber band. If you take an elastic band and put court-plaster 
along its length, so that you have a strip of court-plaster for 1 in. 
and then you leave a space of § in. and put another piece of court- 
plaster for 1 in. and leave another space of } in., ete., and stretch 
that band between the sections with this restraint of the court- 
plaster, you would not get as much stretch when the band broke, 
as you would if the court-plaster was not there. Now when you 
stretch the steel bar there are sections of the steel bar that are 
restrained by the concrete which would act as the court-plaster 
on the elastic band. There are sections where there may be 
cracks which are equivalent to the free sections of the band. 
I think that when you stretch a rod in the concrete the result 
might not be the same as when it is stretched out of the concrete 
and, therefore, you cannot by using the recognized modulus of 
elasticity of the steel, determine the stress at the high point, 
because your extensometer reading is taken over 8 in., and your 
highpoint may be just a fraction of an inch. Now I do not say 


Mr. Mensch. 


Mr. Anderson. 
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Mr. Anderson. 


Mr. Brown. 
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that the effect is very great, because I do not know how great it 
is. In fact, the effect might prove so small that-it could be dis- 
regarded; but until tests have been made to show what it is I 
do not think it ought to be disregarded. 

Mr. Brown.—In closing, let me repeat that full data and 
results of the Worcester Test will be made public and I trust 
every engineer interested will discuss this data. It is only by a 
full and free discussion that the truth regarding flat slabs will be 
known. Probably there is no adaptation of concrete today where 
practice and theory are so much at variance as in the computa- 
tion of flat slabs. As mentioned previously, this test was carried 
on by entirely disinterested persons, with material obtainable in 


the open market. The surprisingly few failures of this type of 
slab is a tribute to its remarkable strength. 








REPORT OF COMMITTEE ON TREATMENT OF 
CONCRETE SURFACES. 


The Committee presents: 


' 1. The following Proposed Revisions of Standard No. 15- 
Standard Specifications for Portland Cement Stucco: 


Page 315, Sec. 4. Line 2—omit words “ cow”’ and “ cocoanut.”’ 


Sec. 5. Change to read as follows: 
s 


“Coloring Matter: Only inorganic colors shall 
be used which are not affected by lime, Portland 
cement, other ingredients of the mortar, or the 
weather.” 


Page 316, See. 8. Line 4—for word “barrel’’ substitute word 
“bag.” 


Line 5. Change “4” to “1.” 


' Page 317, Sec. 17. Line 1—omit word “‘strip”’ and for words 
“form an’’ substitute words “forms a,” and omit word 
P “integral,’’ making line 1 read: “When furring forms 
a part of the, ete.”’ 
Line 2—omit word “strips.” 
Line 3—for word “are”’ read “is.” 

Sec. 17 (a). Line 1—omit word “strips.”’ 

See. 17 (6). Change first sentence to read: “Gal- 
vanized or painted 3-in. crimped furring, not 
lighter than 22 gage or other shape giving 
equal results, shall be fastened over the 
sheathing paper and directly along the line of 

‘ the studs, using 1l}-in. x 14 gage staples 
placed 12 in. apart.” 
Page 318, Sec. 17 (b). Next to last line—omit word “‘strips.”’ 


Sec. 20. Line 2—omit word “‘strips.”’ 
Line 3—omit word “strips.” 

Page 319, Sec. 23. Last line of 2d paragraph—change period 
to comma and add, “and shall be in this condition when 
the plaster is applied.” 
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314. COMMITTEE ON TREATMENT OF CONCRETE SURFACES. 


Page 320, Sec. 25. Par. 5—Change to read: “If subsequent 
coats are applied they shall be well troweled to insure 
good bond with the previous coat.”’ 

Page 322, Sec. 38. Par. 2, line 4—omit words “and lime.”’ 

Line 6—Before word “water’’ insert 
words “Lime putty, if used, and.” 

Page 323, Sec. 40. Line 1—omit word “a”’ and word “strip.”’ 

Line 7—omit word ‘strip’? and change 
word “are” to “is.” 
Sec.41. Omit word “strips” in Lines 2, 5, 7 and 
2d Par., line 1. 
2. Proposed Standard Specifications for Portland Cement 
Stucco on Wood Lath. 


Respectfully submitted, 


LEONARD C. Wason, Chairman. 
CLoyp M. CHAPMAN, 

L. R. FerGcuson, 

H. B. McMaster, 

J. C. PEARSON. 
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AMERICAN CONCRETE INSTITUTE 


Founded 1905 ar ‘teunenemeat 1906, as 
NATIONAL ASSOCIATION OF CEMENT USERS 


Charter Amended July 2, 1913. 


PHILADELPHIA, PA. 


STANDARD SPECIFICATIONS FOR PORTLAND 
CEMENT STUCCO. 
Paragraphs marked (a) apply only to back-plastered walls without sheathing. 


Paragraphs marked () apply only to walls with sheathing. 
All other paragraphs apply to both forms of construction. 


MATERIALS. 


1. Cement.—The cement shall meet the requirements of the 
Standard Specifications for Portland Cement of the American 
Society for Testing Materials, and adopted by this Institute 
(Standard No. 1). 

2. Fine Aggregate shall consist of sand, crushed stone, or 
gravel screenings, graded from fine to coarse, passing when dry a 
screen having } in. diameter holes, shall be preferably of silicious 
materials, clean, coarse, free from loam, vegetable or other dele- 
terious matter. 

3. Lime.—The lime shall be thoroughly hydrated either by 
the manufacturer, or the contractor. If hydrated by the con- 
tractor, it shall be slaked in sufficient water to make a soft paste 
and allowed to stand at least one week before being applied to the 
wall. 

4. Hair or Fiber.—There shall be used only first quality long 
hair, free from foreign matter, or a long fiber well combed out. 

5. Coloring Matter—Only inorganic colors shall be used 
which are not affected by lime, Portland cement, other ingre- 
dients of the mortar, or the weather. 

6. Water shall be clean, free from oil, acid, strong alkalies or 
vegetable matter. 


(315) 
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PREPARATION OF MORTAR. . 


7. Mizxing.—The ingredients of the mortar shall be thoroughly 
mixed to a uniform color, sufficient water added to obtain the 
desired consistency, and the mixing shall continue until the 
cement and lime are uniformly distributed and the mass is uniform 
in color and homogeneous. 

The hair or fiber shall be added during the process of wet 
mixing. 

8. Measuring Proportions.—Methods of measurement of the 
proportions of the various ingredients, including the water, shall 
be used which will secure separate uniform measurements at all 
times. All proportions stated are by volume. A bag of cement 
(94 lb. net) shall be assumed to contain 1 cu. ft. Lime when 
used shall be measured in the form of putty. Hydrated lime shall 
be made into putty before being measured. 

9. Quantity—There shall not be mixed at one time more 
mortar than will be used within one hour. Mortar which has 
begun to stiffen or take on its initial set shall not be used. 

10. Hand Mixing.—The mixing shall be done on a water- 
tight platform and the materials shall be turned until they are 
homogeneous in appearance and color. 

11. Consistency—The materials shall be mixed so as to 
provide sufficient water to insure a proper bonding and a dense 
mortar free from voids. 

12. Retempering.—Retempering mortar, 7.e., remixing with 
water after it has partially set, shall not be allowed. 


STRUCTURE. 

13. Framing.—Studs spaced at 12-in. centers wherever 
possible shall be run from foundation to rafters without any 
intervening horizontal grain in the wood. These studs shall be 
tied together just below the floor joists by 6-in. boards which will 
be let into the studs on their inner side, so as to be flush and 
securely nailed to them. These boards will also act as sills for 
the floor joists, which in addition will be securely spiked to the 
side of the studs. 

14. Bracing.—The frame of the building shall be so rigidly 
constructed and braced as to avoid cracking the stucco. 








——— 


' 





SPECIFICATIONS FOR PORTLAND CEMENT STUCCO. 317 


(a) At least once between each two floors, brace between 
the studding with 2 x 3 in. bridging. 

(b) Bracing may be omitted, as the sheathing boards act 
as bracing. 

15. Sheathing.—(a) The lath is to be fastened direct to the 
studding and back-plastered and no sheathing boards are to be 
used. 

(b) Sheathing boards shall be not less than 6 in. or more 
than 8 in. wide, dressed on one or both sides to a uniform thick- 
ness of j in. They shall be laid diagonally across the wall studs 
and fastened with two nails at each stud. 

16. Inside Waterproofing.—(a) The faces of the studs and for 
one inch back of the face on each side where the plaster may 
come in contact with them, shall be thoroughly waterproofed with 
tar or asphalt. 

(b) Over the sheathing boards shall be laid in horizontal 
layers, beginning at the bottom, a substantial paper well impreg- 
nated and thoroughly waterproofed with tar or asphalt. The 
bottom strip shall lap over the base board at the bottom of the 
wall, and each strip shall lap the one below at least 2 in. The 
paper shall lap the flashings at all openings. When required, the 
lower horizontal edge of each strip shall be cemented with hot or 
liquid tar or asphalt compound, to the strip below and to the 
grounds of flashings at all openings. All tacking shall be within 
2 in. of the top horizontal edge, where tacks will be covered by 
the lap of the strip above. 

17. Furring.—When furring forms a part of the metal lath to 
be used, then separate furring as described in this paragraph is 
to be omitted. 

(a) Galvanized or painted 3-in. crimped furring, not lighter 
than 22 gage or other shape giving equal results, shall be 
fastened direct to the studding, using 1}-in. x 14 gage staples, 
placed 12 in. apart. 

(b) Galvanized or painted 3-in. crimped furring, not lighter 
than 22 gage or other shape giving equal results, shall be fast- 
ened over the sheathing paper and directly along the line of the 
studs, using 1}-in. x 14 gage staples, placed 12 in. apart. The 
same depth of furring should be adhered to around curved sur- 
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faces, and furring shall be placed not less than 14 in. or more than 
4 in. on each side of and above and below all openings. 

18. Preparation of Original Surface.—All roof gutters shall be 
fixed and down-spout hangers and all other fixed supports and 
fasteners shall be put up before the plastering is done, so there 
will be no break made in the plastering where they are perma- 
nently fixed. 

Wall copings, balustrade rails, chimney caps, cornices, etc., 
shall be built of concrete, stone, tile or metal with ample overhang 
drip grooves or lip, and water tight joints, to keep water from 
behind the plaster. 

If wood sills are used, they should project well from the 
face of the plaster and have ample drip groove or lip. 

Metal lath shall be stopped far enough above the level of the 
ground to be free from ground moisture. 

Care should be taken to provide for placing all trim the 
proper distance from the studding or furring to show its right 
projection after the plaster is on. 

19. Lath.—The lath shall be not thinner than 24 gage, 
galvanized or painted, expanded metal lath weighing not less than 
3} lb. to the square yard, or woven wire lath, galvanized or painted, 
19 gage, 2} meshes to the inch, with stiffeners at 8-in. centers. 

20. Application of Lath.—Place lath horizontally over the 
furring, driving galvanized staples, 1}-in. x 14 gage, 8 in. apart 
over the furring into the studding. The sheets of lath shall be 
locked or lapped at least 1 in. and tied at joints between studs 
both vertically and horizontally with 18 gage wire. 

21. Corners.—There shall be 6-in. strips of metal lath bent 
around the corners and stapled over the lath, or the sheets of 
metal lath shall be folded around the corners a distance of at least 
3 in. and stapled down, as applied. Galvanized corner bead 
may be applied over the lath. 

22. Insulation.—(a) After the lath on the outside has been 
back-plastered, the air space may be divided by applying heavy 
building paper, quilting, felt or other suitable insulating material 
between the studs, fastening it to the studs by nailing wood strips 
over folded ends of the material. This insulation should be so 
fastened as to clear the bridging, leaving the preponderance 
of the air space next to the plaster. Care must be taken to keep 
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the insulating material clear of the outside plaster and to make 
tight joints against the wood framing at the top and bottom of 
the spaces and against the bridging where the face intercepts. 

(b) When quilting, felt, or other insulating material is to 
be used it shall be applied to the sheathing boards under the 
inside waterproofing. 

23. Brick, Tile or Cement Block Surfaces.—Existing surfaces 
to be stuccoed shall have all loose, friable or soft mortar removed 
from the joints to a depth of not less than 3 in. All dirt, dust or 
any other foreign matter shall be removed by means of a wire 
brush, stiff broom or other effective means. In case the surface 
has been painted, is oily or otherwise in such condition that the 
stucco will not firmly adhere, then metal furring and lathing shall 
first be applied. 

New surfaces shall have ample roughness to assure a strong 
bond and key between the stucco and the surface. The mortar 
joints shall not be less than ? in. thick and the mortar shall be 
omitted from or raked out of the joints for at least 4 in. back 
from the face to which the stucco is applied. Before placing the 
scratch coat the surface shall be brushed clean from all dust, dirt 
or loose particles and thoroughly wetted, and shall be in this 
condition when the plaster is applied. 


Mortar Coats. 


24. Plaster—(a) The first coat shall contain not more than 
two and one-half (23) parts of sand to one (1) part of Portland 
cement by volume. If lime putty is added, it shall not be in 
excess of one-third (4) of the volume of cement. Hair or fiber may 
be added in sufficient quantity to bond the mortar. 

(6) The'first coat shall contain not more than two and one- 
half (23) parts of sand to one (1) part of Portland cement by vol- 
ume. If lime putty is added it shall not be in excess of one-third 
(4) of the volume of cement. No hair, fiber or similar material 
of any kind or in any quantity shall be added to the mortar. 

For second coat, the proportion of sand to cement shall not 
be greater than 2} to 1 by volume, nor shall more than } part of 
lime putty be added. 

For third coat, the proportion of sand to cement shall not be 
less than 2 to 1 nor more than 23 to 1, by volume, nor shall more 
than 3 part of lime putty be added. 











320 SPECIFICATIONS FOR PORTLAND CEMENT STUCCO. 


25. Application.—The plastering should be carried on con- 
tinuously in one general direction, without allowing the plaster 
to dry at the edge. If it is impossible to work the full width 
of the wall at one time, the joint should be at some natural divi- 
sion of the surface, such as a window or door. 

Metal Lath—(a) The first coat shall be applied to the 
lath and pushed through sufficiently to give a good key. Over 
the face of the studs the plaster shall be forced well through the 
lath in order to fill entirely the space between the lath and the stud. 
The backing coat shall be applied to the back of the lath and shall 
be thoroughly troweled so that the lath shall be entirely covered. 
The final coat shall be applied to the face of the first coat. 

(b) The first coat shall be applied to the lath and thoroughly 
pushed through against the inside waterproofing so as to com- 
pletely imbed the metal of the lath on both sides. Special care 
shall be taken to fill all voids around furring strips and where 
laths ‘ap. 

Brick, Tile or Cement Block Surfaces.— The first coat shall 
be forcibly and thoroughly troweled into the depressions of the 
previously saturated surface so as to make a firm bond. Care 
shall be taken to insure the complete filling by the mortar of all 
crevices and pores. 

If subsequent coats are applied they shall be well troweled 
to insure good bond with the previous coat. 

26. Roughing.—Soon after applying and before the initial 
set has taken place, the surface of the coats which are to receive 
succeeding coats shall be roughened with a saw-toothed paddle 
or other suitable device. 

27. Dampening.—Before applying mortar the surface of the 
preceding coat shall be thoroughly wetted to prevent absorption 
of water from the fresh mortar. 

28. Thickness of Coats.—(a) The first coat shall be at least ¢ in. 
thick over the face of the ‘ath and project through | «hind 
the lath about 3 in. The backing coat shall increase the thickness 
behind the lath to not less than 3 in. The final coat shall be not 
less than ? in. thick. 

(b) The first coat shall have a minimum thickness over the 
lath at any point of not less than } in. The intermediate coat 
shall have a thickness of not less than } in. or more than ? in. 
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The final coat shall have a thickness of } in. when placed over 
an intermediate coat, or of 3 in. when placed directly on the 
scratch coat. 

29. Drying Out.—The final coat shall not be permitted to dry 
out rapidly, and adequate precaution shall be taken, either by 
sprinkling frequently after the mortar has set hard enough to 
permit it or by hanging wet burlap or other material over the 
surface. 

30. Freezing.—Stucco should never be applied when the tem- 
perature is below freezing. 


FINISH. 


31. Smooth Troweled.—The finishing coat shall be troweled 
smooth with a metal trowel with as little rubbing as possible. 

32. Stippled.—The finishing coat shail be troweled smooth 
with a metal trowel with as little rubbing as possible, and then 
shall be lightly patted with a brush of broom straw to give an 
even, stippled surface. 

33. Sand Floated.—The finishing coat, after being brought 
to a smooth, even surface, shall be rubbed with a circular motion 
of a wood float with the addition of a little sand to slightly 
roughen the surface. This floating shall be done when the mortar 
has partially set. 

34. Sand Sprayed.—After the finishing coat has been brought 
to an even surface, it shall be sprayed by means of a wide, long 
fiber brush—a whisk-broom does very well—dipped into a creamy 
mixture of equal parts of cement and sand, mixed fresh every 
30 minutes and kept well stirred in the bucket by means of the 
whisk-broom or a paddle. This coating shall be thrown forcibly 
against the surface to be finished. This treatment shall be 
applied while the finishing coat is still moist and before it has 
attained its final set, 7.e., within 3 to 5 hours. To obtain lighter 
shades, add hydrated lime of 5 to 15 per cent of the volume of the 
cement. 

35. Splatter Dash or Rough Cast.—After the finishing coat 
has been brought to a smooth, even surface and before attaining 
final set, it shall be uniformly coated with a mixture of 1 part 


cement and 2 parts of sand thrown forcibly against it to pro- 
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duce a rough surface of uniform texture when viewed from 4 
distance of 20 ft. Special care shall be taken to prevent the 
rapid drying out of this finish. 

36. Pebble Dash.—After the finishing coat has been brought 
to a smooth, even surface, and before attaining initial set, clean 
round pebbles or other material as selected, not smaller than 
i in. or larger than 3 in., previously wetted, shall be thrown forcibly 

against the mortar so as to imbed themselves in the fresh mortar. 
They shall be distributed uniformly over the surface of the final 
coat and may be pushed back into the mortar with a clean wood 
trowel, but no rubbing of the surface shall be done after the pebbles 
are imbedded. 

37. Exposed Aggregates.—The finishing coat shall be com- 
posed of an approved, selected coarse sand, marble dust, granite 
dust or other special material, in the proportion given for finish- 
ing coats, and within 24 hours after being applied and troweled to 
an even surface, shall be scrubbed with a stiff brush and water. 

*In case the cement is too hard a solution of 1 part hydrochloric 
acid in 4 parts of water by volume can be used in place of water. 
After the aggregate particles have been uniformly exposed by 
scrubbing, particular care shall be taken to remove all traces of 
the acid by thorough spraying with a hose. 

38. Mortar Colors.—When it is required that any of the above 
finishes shall be made with colored mortar, not more than 6 per 
cent of the weight of Portland cement shall be added to the 
mortar in the form of finely ground coloring matter. 

A predetermined weight of color shall be added dry to each 
batch of dry fine aggregate before the cement is added. The 
color and fine aggregate shall be mixed together and then the 
cement mixed in. The whole shall then be thoroughly mixed 
dry by shoveling from one pile to another through a }-in. mesh 
wire screen until the entire batch is of uniform color. Lime 
putty, if used, and water shall then be added to bring the mortar 
to a proper plastering consistency. 


MACHINE STuUCCco. 


39. Stucco may be applied by a machine provided the results 
obtained are equal to those produced by hand work. 
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OVERCOATING. 

During recent years there has come into vogue a method of 
remodeling old frame houses. This “overcoating,” as it is called, 
is used extensively in all sections of the country and the following 
practice is recommended: 

40. Where furring is used so deep that the space back of 
the lath is not entirely filled with plaster, some provision must 
be made for extending the old window and door frames to corre- 
spond with the increased thickness of the wall. In some cases 
the plaster is brought over the old frames in such a manner that 
a recessed window or door opening is made. In case the furring 
is fastened to the studding, it is not necessary to provide for 
extending the window and door frames, as the new stucco finish 
will have the same relations as the old weather-boarding. 

41. Preparation of Original Surface.—If the weather-boarding 
is in poor condition it should be removed and furring and metal 
lath applied over the sheathing, to which waterproof paper has 
previously been fastened. It may be advisable also to tear off 
the sheathing, in which case the furring can be fastened direct to 
the studding after bracing between the studs. 

Another method would be to fasten the furring direct over 
the weather-boarding over which the metal lath is applied. 

In preparation for any of these methods the house should 
be gone over carefully to determine if the framework is well 
enough preserved to justify the improvement. 

The doors should be looked after, the studding inspected, 
partitions and outside walls lined up and brought into plumb. 

42. Furring.—Fasten galvanized or painted }-in. crimped 
furring or other shape giving equal results, vertically over the 
original surface, which ever of the above may be adopted. 

43. Lathing and Plastering.—Follow the above specifications 
for stucco. 
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PHILADELPHIA, PA. 
, PROPOSED 
STANDARD SPECIFICATIONS FOR PORTLAND 
CEMENT STUCCO ON WOOD LATH. 


Paragraph marked (a) applies only to single layer werk. 
Paragraph marked (6) applies only to double layer work. 


MATERIALS. 


1. Cement.—The cement shall meet the requirements of the 


Standard Specifications for Portland Cement of the American 


Society for Testing Materials, and adopted by this Institute 


(Standard No. 1). 


2. Fine Aggregate shall consist of sand, crushed stone, or 


gravel screenings, graded from fine to coarse, passing when dry a 
screen having } in. diameter holes, shall be preferably of silicious 


materials, clean, coarse, free from loam, vegetable or other dele- 
terious matter. 


the 


3. Lime.—The lime shall be thoroughly hydrated either by 
manufacturer, or the contractor. If hydrated by the con- 


tractor, it shall be slaked in sufficient water to make a soft paste 
and allowed to stand at least one week before being applied to 
the wall. 


4. Hair or Fibre——There shall be used only first quality 


long hair, free from foreign matter, or a long fibre well combed 


out. 


5. Coloring Matter—Only inorganic colors shall be used, 


which are not affected by lime, Portland cement, other ingre- 
dients of the mortar or the weather. 


6. Water shall be clean, free from oil, acid, strong alkalies or 


vegetable matter. 


(324) 


: 
§ 








SPECIFICATIONS FOR Stucco ON Woop LaTu. 325 


PREPARATION OF MORTAR. 


7. Mixing.—The ingredients of the mortar shall be thoroughly 
mixed to a uniform color, sufficient water added to obtain the 
desired consistency, and the mixing shall continue until the cement 
and lime are uniformly distributed and the mass is uniform in 
color and homogeneous. 

The hair or fibre shall be added during the process of wet 
mixing. 

8. Measuring Proportions.—Methods of measurement of the 
proportions of the various ingredients, including the water, shall 
be used which will secure separate uniform measurements at all 
times. All proportions stated are by volume. A bag (94 lb. net) 
of cement shall be assumed to contain 1 cu. ft. Lime when used 
shall be measured in the form of putty. Hydrated lime shall be 
made into putty before being measured. 

9. Quantity —There shall not be mixed at one time more 
mortar than will be used within one hour. Mortar which has 
begun to stiffen or take on its initial set shall not be used. 

10. Hand Mizxing.—The mixing shall be done on a water- 
tight platform and the materials shall be turned until they are 
homogeneous in appearance and color. 

11. Consistency—The materials shall be mixed so as to 
provide sufficient water to insure a proper bonding and a dense 
mortar free from voids. 

12. Retempering.—Retempering mortar, 7. e., remixing with 
water after it has partially set, shall not be allowed. 


STRUCTURE. 

13. Framing.—Studs spaced at not more than 16 in. on 
centers shall be run from foundation to rafters without any 
intervening horizontal grain of the wood. These studs shall be 
tied together just below the floor joists by 6-in. boards which will 
be let into the studs on their inner side, so as to be flush and 


securely nailed to them. These boards will also act as sills for 
the floor joists, which in addition will be securely spiked to the 
side of the studs. 

14. Sheathing.—Sheathing boards shall be not less than 6 in. 
or more than 8 in. wide, dressed on one or both sides to a uniform 











326 SPECIFICATIONS FOR Stucco ON Woop LaTu. 


thickness of } in. They shall be laid diagonally across the wall 
studs and fastened with two nails at each stud. 

15. Insulation——When quilting, felt, or other insulating 
material is to be used it shall be applied to the sheathing boards 
under the inside waterproofing. 

16. Inside Waterproofing.—Over the sheathing boards shall 
be laid in horizontal layers, beginning at the bottom, a sub- 
stantial paper well impregnated and thoroughly waterproofed 
with tar or asphalt. The bottom strip shall lap over the base 
board at the bottom of the wall, and each strip shall lap the one 
below at least 2 in. The paper shall lap the flashings at all open- 
ings. When required, the lower horizontal edge of each strip 
shall be cemented with hot or liquid tar or asphalt compound, 
to the strip below and to the grounds of flashings at all openings. 
All tacking shall be within 2 in. of the top horizontal edge, where 
tacks will be covered by the lap of the strip above. 

17. Furring.—Furring j in. thick by 2 in. wide shall be laid 
vertically 12 in. on centers over sheathing paper and nailed every 
8 in. with 5d nails. 

18. Preparation of Original Surface.—All roof gutters shall 
be fixed and down-spout hangers and all other fixed supports 
and fasteners shall be put up before the plastering is done, so 
there will be no break made in the plastering where they are 
permanently fixed. 

Wall copings, balustrade rails, chimney caps, cornices, ete., 
shall be built of concrete, stone, tile or metal with ample over- 
hang drip grooves or lip, and water tight joints, to keep water 
from behind the plaster. 

If wood sills are used, they should project well from the 
face of the plaster and have ample drip groove or lip. 

Lath shall be stopped far enough above the level of the 
ground to be free from ground moisture. 


Care should be taken to provide for placing all trim the 
proper distance from the studding or furring to show its right 
projection after the plaster is on. 

19. Lath.—The lath shall be standard quality, narrow plaster- 
ing lath 4 ft. long and not less than 2 in. thick. 

20. Application of Lath.—(a) Single layer work. Lath shall 
be placed horizontally on the furring with 3 in. openings between 
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them. Joints shall be broken every twelfth lath. They shall 
be nailed at each furring with 4d galvanized nails. 

(b) Double layer work. The lath shall be applied in two 
layers. Both layers shall be placed diagonally to the furring in 
opposite directions, the angle being such that the 4 ft. lath will 
span three spaces between furring. The space between lath for 
key shall be 1 in. in each layer. Joints shall be broken every 
twelfth lath in each layer. The first layer shall be applied directly 
to the furring and nailed with 4d galvanized nails at every point 
of contact. A second layer of lath shall be applied over the 
first with joints broken; 7. e., ends of lath of the second layer 
shall not come over the same furring as those of the first layer. 
The second layer shall be nailed to each furring with 4d gal- 
vanized nails. 

21. Corners and Openings.—Around all openings and bent- 
over corners place a 6-in. strip of galvanized metal lath firmly 
stapled over wood lath with 1}-in. x 14 gage galvanized staples. 

22. Spraying.—Wet lath thoroughly on both sides and allow 
water to be absorbed before applying the first coat of plaster. 


MortAR COatTs. 


23. Plaster—The first coat shall contain not more than two 
and one-half (23) parts of sand to one (1) part of Portland cement 
by volume. If lime putty is added, it shall not be in excess of 
one-third (4) of the volume of cement. Hair or fibre may be 
added in sufficient quantity to bond the mortar. 

For second coat, the proportion of sand to cement shall not 
be greater than 23 to 1 by volume, nor shall more than 34 part 
of lime putty be added. 

For third coat, the proportion of sand to cement shall not be 
less than 2 to 1 nor more than 23 to 1, by volume, nor shall more 
than 4 part of lime putty be added. 

24. Application.—The plastering should be carried on con- 
tinuously in one general direction, without allowing the plaster 
to dry at the edge. If it is impossible to work the full width 
of the wall at one time, the joint should be at some natural divi- 
sion of the surface, such as a window or door. 

The first coat shall be applied to the outside of the lath 
and pushed through sufficiently to give a good key. If subse- 
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quent coats are applied they shall be well troweled to insure 
good bond with the previous coat. 

25. Roughing.—Soon after applying and before the initial 
set has taken place, the surface of the coats which are to receive 
succeeding coats shall be roughened with a saw-toothed paddle 
or other suitable device. 

26. Dampening.—Before applying mortar the surface of the 
preceding coat shall be thoroughly wetted to prevent absorption 
of water from the fresh mortar. 

27. Thickness of Coat.—The first coat shall have a minimum 
thickness over the lath at any point of not less than } in. The 
intermediate coat shall have a thickness of not less than } in. 
or more than ? in. The final coat shall have a thickness of } in. 
when placed over an intermediate coat, or of § in. when placed 
directly on the scratch coat. 

28. Drying Out.—The final coat shall not be permitted to 
dry out rapidly and adequate precaution shall be taken, either 
by sprinkling frequently after the mortar has set hard enough 
to permit it or by hanging wet burlap or other material over 
the surface. 

29. Freezing.—Stucco should never be applied when the tem- 
perature is below freezing. 


FINISH. 


30. Smooth Troweled.—The finishing coat shall be troweled 
smooth with a metal trowel with as little rubbing as possible. 

31. Stippled.—The finishing coat shall be troweled smooth 
with a metal trowel with as little rubbing as possible, and then 
shall be lightly patted with a brush of broom straw to give an 
even, stippled surface. 

32. Sand Floated.—The finishing coat, after being brought 
to a smooth, even surface, shall be rubbed with a circular motion 
of a wood float with the addition of a little sand to slightly 
roughen the surface. This floating shall be done when the mortar 
has partially set. 

33. Sand Sprayed.—After the finishing coat has been brought 
to an even surface, it shall be sprayed by means of a wide, long 
fibre brush—a whisk-broom does very well—dipped into a creamy 
mixture of equal parts of cement and sand, mixed fresh every 
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30 minutes and kept well stirred in the bucket by means of the 
whisk-broom or a paddle. This coating shall be thrown forcibly 
against the surface to be finished. This treatment shall be 
applied while the finishing coat is still moist and before it has 
attained its final set, 7. e., within 3 to 5 hours. To obtain lighter 
shades add hydrated lime of 5 to 15 per cent of the volume of 
the cement. 

34. Splatter Dash or Rough Cast.—After the finishing coat 
has been brought to a smooth, even surface and before attaining 
final set, it shall be uniformly coated with a mixture of 1 part 
cement and 2 parts of sand thrown forcibly against it to pro- 
duce a rough surface of uniform texture when viewed from a 
distance of 20 ft. Special care shall be taken to prevent the 
rapid drying out of this finish. 

35. Pebble Dash.—After the finishing coat has been brought 
to a smooth, even surface, and before attaining initial set, clean 
round pebbles or other material as selected, not smaller than 
} in. or larger than ? in., previously wetted, shall be thrown 
forcibly against the mortar so as to embed themselves in the 
fresh mortar. They shall be distributed uniformly over the 
surface of the final coat and may be pushed back into the mortar 
with a clean wood trowel, but no rubbing of the surface shall be 
done after the pebbles are embedded. 

36. Exposed Aggregates.—The finishing coat shall be com- 
posed of an approved, selected coarse sand, marble dust, granite 
dust or other special material, in the proportion given for finish- 
ing coats and within 24 hours after being applied and troweled to 
an even surface, shall be scrubbed with a stiff brush and water. 
In case the cement is too hard a solution of one part hydrochloric 
acid in four parts of water by volume can be used in plece of 
water. After the aggregate particles have been uniformly exposed 
by scrubbing, particular care shall be taken to remove all traces 
of the acid by thorough spraying with a hose. 

37. Mortar Colors—When it is required that any of the 
above finishes shall be made with colored mortar, not more than 
6 per cent of the weight of Portland cement shall be added to 
the mortar in the form of finely ground coloring matter. 
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Mr. E. W. Lazewu (by letter).—It is stated in Paragraph 8, 
on page 316 of the proposed Standard Specifications for Portland 
Cement Stucco, that ‘‘ hydrated lime shall be made into a putty 
before being measured.” It appears to me this is an unnecessary 
hardship since hydrated lime has been slacked thoroughly by the 
manufacturer and it can be more conveniently mixed with the 
sand and cement in the dry form than after it has been made into 
a putty. In fact it is the common practice on all stucco work 
that has come under my attention, in which hydrated lime and 
Portland cement were used, to proportion and mix the ingredients 
dry, and then add the water; in fact on all first-class work it is 
becoming the custom to do the mixing with a mortar mixer. 
Carrying out the above ideas, I suggest that Paragraph 3, page 315, 
be made to read as follows: 

“Either hydrated lime or quicklime may be used, If quicklime is used, 
it shall be slacked with sufficient water to make a soft paste and allowed 
to stand at least one week before being applied to the wall.” 

In Paragraph 8, page 316, strike out all after the word 
“Lime,” in the fifth line, and substitute the following: 

“A 100-lb. sack of hydrated lime contains 2} cu. ft. If quicklime is 
used, it shall be measured in the form of a putty, hydrated lime being meas- 
ured dry as received.” 

PRESIDENT HumpureY.—I would suggest that the com- 
munication of Dr. Lazell be referred to the committee with instrue- 
tions to thresh the matter out with him, and whatever they agree 
on be incorporated in the specification. 

Mr. Epwarp D. Boyrer.—That is satisfactory to me. | 
am not interested in the hydrated lime at all, but Dr. Lazell 
states that the use of hydrated lime in the form of putty is apt 
to pit in the wall. I do not understand that is correct. In the 
proper process of making the hydrated lime it is at least slacked 
sufficiently, and I have never seen a case where the pitting of 
stucco was occasioned by the use of hydrated lime with the 
cement. For that reason I would like to see the matter gone 
into further. 
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Mr. Wittiam M. Kinney.—I suggest that after the words 
a bag of cement” there be added in parenthesis the words 
““O4 |b. net.”’ 

Mr. Percy H. Witson.—I agree that the words ‘94 lb. 


se 


oe 


net’’ added after the words ‘‘a bag of cement”? make it more 
clear. If the amount of hydrated lime is based on the volume of 
cement used in the United States the volume would vary con- 
siderably from that in Canada, where a bag of cement weighs 
only 833 Ib. 

Mr. Leonarp C. Wason.—There certainly would be a 
variation. This specification was written primarily for the 
United States. If it is to be recommended for adoption in Canada 
corrections in the proportioning in paragraph 24 should be made. 
I think that the insertion of the weight in our American specifi- 
cations would be unnecessary. 

PRESIDENT HuUMPHREY.—I cannot see any objection to the 
insertion of the weight 94 lb. so there should be no ambiguity 
as to what a bag means. 

Mr. R. C. Srupss.—I believe that the cement companies 
will in time give us 1 cu. ft. to the bag and then we will have 
about 100 lb. We say a bag of cement equals 1 cu. ft. The 
engineers say a barrel equals about 3.8 cu. ft. and they are right. 
Therefore, a bag does not contain 1 cu. ft., it contains a fraction 
thereof. 

Mr. Boyer.— This paragraph says it shall be assumed to 
contain 1 cu. ft. 

Mr. Witson.—The number of pounds contained in a bag 
is pretty well known to be 94; but no one knows how much a 
cubic foot of cement weighs. 

Mr. Boyer.—I move that the paragraph be corrected by 
inserting in parenthesis (94 lb. net). 

PRESIDENT HumMpuREY.—Those in favor of inserting ‘‘94 lb. 
net’? in parenthesis after the word “bag” please signify it by 
saving aye, contraminded no. It is agreed to. 

Mr. ©. P. Parry.—Mr President, on page 319, article 24, 
at the end of (b) it requires that ‘* No hair, fiber or similar material 
of any kind or in any quantity shall be added to the mortar.” 
I have found in actual practice that hair absolutely should be 
added to the first coat; and in talking with several practical 
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men I understand that this is also their experience. I should 
like to know what is the reason for omitting the hair in the first 
coat. 

Mr. CLoyp M. Cuapman.—Mr. President, that particular 
sentence is the pivot on which paragraph (b) of the specification 
turns. This paragraph is for metal lath. In order to fill the 
entire space back of the lath the mortar must be pressed through 
firmly and solidly. If the mortar contains hair or fiber the 
plasterer can make the mortar stick without filling the space 
back of the lath. The elimination of the fiber compels the filling 
of this space and while the contractor will object and say it cannot 
be done, it can be and is being done successfully. 

Mr. Parry.—I would not use fiber. I do not think it is the 
common practice of the architects to use fiber in exterior work. 
It is possible to use hair for this purpose. Of course, you are not 
going to lump it up any more than you are going to poorly slack 
your lime or mix your mortar. If you have it well distributed 
in the mortar it will go through the lath, and will tend to hold the 
plaster, because it will give additional strength to that key. 
I do not think that the hair should be omitted. 

PRESIDENT HumpHREY.—It seems to the chair that this is 
primarily a Portland cement stucco, that is two-thirds Portland 
cement and one-third lime; and I surely do not see how the hair 
is going to help its holding power. 

Mr. Parry.—For the last ten or twelve years I have been 
using a proportion of lime which I adopted after consultation 
with one of the best plasterers in the East, Thomas Allen of Phila- 
delphia, Pa. The specification that he gave me, and that I 
have used in many places with good results is as follows: 

“Exterior plaster. Provide heavy grade metal lath, rough cast exterior 
building where shown, including dormers, etc,; rough cast to be two-coat 
work; to consist of 1 part cement, 2 parts clean, sharp sand, well mixed 
with lime paste containing abundance of hair; one shovelful of paste to hod 


of mortar. Second coat to be as above without the hair, accurately matching 
present work.” 


That specification answers the question of Mr. Ferguson 
as to the amount of lime in the first coat. My own experience 
has been that if you do not use lime you get too rich a first coat 
and one that will crack, and if it cracks you are defeating the very 











——— . 


DIscUSSION ON PORTLAND CEMENT STUCCO. 333 


object of that first coat. Therefore, I always use lime. I do Mr. Parry. 
not think you must use hydrated lime; I do not always use a 
prepared hydrated lime, very seldom, in fact. 
Mr. CHAPMAN.—i want to emphasize that in the black Mr. Chapman 
plastering in which the first coat is applied from the outside, it 
must adhere of its own plasticity or with the aid of hair, and we 
specified the use of hair or fiber. Now that does not add any 
strength to the mortar after it has set. The hair as now pro- 
duced is stripped from the hide with the use of an acid and if 
that acid is not thoroughly washed out of the hair that is used 
for plaster, the chemical action due to the acid in the hair and of 
the alkali in the mortar, will destroy the hair in a very short 
time. But aside from that, the point is to fill this space back of 
the lath. We do not claim it cannot be filled if there is hair in 
the mortar, but it must be filled if there is no hair in the mortar. 
That is the only way it will stay on. That is the essential feature 
of this specification (b), and to eliminate that provision would 
destroy the force of this specification with that method. Now the 
i quantity of lime is specified here as not in excess of one-third 
the volume of the cement. We have taken this matter up with 
all whose addresses we have been able to get who are applying 
stucco. We have communicated with many hundreds of men and 
have obtained their ideas on this subject and a large part of this 
specification is the result of averaging their opinions. This is 
not the result of any one man, or half a dozen men, but it is the 
average of the opinions of several hundred stucco workers. We 
specify the addition of lime putty of one-third of the volume of 
the cement. I am safe in saying we have not found three who 
would recommend any more than that. We have set the limit 
about as high as any of them wanted to go, and they certainly 
may use less under the specifications. 
Mr. Parry.—It is good practice and uniformly specified Mr. Parry. 
that the hair shall be well washed. If it is not well washed that 
is the fault of the material. I do not think for an instant that we 
should throw up our hands and acknowledge that we cannot get 
a thing if we specify it. And I know from practical experience 
in work in different parts of the country, that I can get a good 
piece of workmanship by using hair. I think if you asked the 
average contractor to omit the hair he would be horror struck. 
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If he said that he would omit it and you stayed away long enough 
you would find that he got it in. At least that has been my 
experience. The great trouble we have is that the average 
plasterer puts the plaster on with a trowel and it is only a coat. 
Now what he should do is put it on with force, and if he does the 
hair and mortar will go through and tend to form a key on the 
back of the lath, whether it be metal or wood. It seems to me 
the great thing we are absolutely insisting on, back plastering, in 
a pretty hard thing to do; it increases the cost materially, although 
in theory it may not. I would like to use wood lath and not 
back plaster. 

Mr. CuapMan.—Mr. Parry has said that we insist on back 
plastering. Method (b) is not back plastering. We get the 
effect of back plastering by compelling the plasterer to push the 
mortar through against the sheathing boards, thus imbedding 
the lath. Method (a) is back plastering. 

Mr. Parry.—How much space do you allow back of it? 

Mr. CuapMan.—About a half inch. If the hair is allowed 
the plaster can be put on lightly and will not go through the lath 
but the hair will hold it there; they have not given the bond, 
they have not filled the space, they have not imbedded the lath 
on both sides. I am speaking of metal lath. You cannot accom- 
plish that with wood lath and-without hair; it will not stay any 
other way. 

Mr. Parry.—I think that we ought to say something in 
the specification about cement coatings, because a great amount 
of coating is being used al over this country. The specifications 
provide for waterproofing in the plaster; I think it is very perti- 
nent to make provision for waterproofing on the plaster. 

Mr. Witson.—As a matter of fact, these coatings can be 
put on reinforced concrete surfaces just as well as on stucco. 
Why should they be included as a stucco specification? 

Mr. Parry.—Simply because you have a requirement to 
prevent rusting of the lath. I believe if you have cement coating 


on your plaster you will have positively less rusting of your lath. 

Mr. CuapMan.—To my mind the most effective answer is 
that it is not a part of the plasterer’s work. The plasterer would 
not include that in his work. The painter may do whatever is 
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required under the painting specifications. This is part of the Mr. Chapman. 
work of this committee. 
PRESIDENT HumpHreEY.—I have no doubt then Mr. Parry’s The President. 
suggestion will be considered in that connection. 
Mr. T. H. Skinner.—I notice on page 319 of the specifica- Mr. Skinner. 
tions that sections (a) and (b) both contain a very small word 
with a big meaning, “if”? lime putty be added. What is the 
recommendation of the committee with regard to this addition 
of putty? Some say, “if the cement mortar works hard, I add 
lime putty to a certain extent;’ others say, “I can put cement 
stucco on and it does not work hard and it does not matter and 
I do not want lime putty; and so it goes. What is the consensus 
of opinion of these several hundred contractors who have been 
consulted as to the need of lime putty? Cannot we get a verdict 
—and at least make a recommendation, one way or the other? 
Mr. CuapMan.—The opinion is just as diametrically opposed Mr. Chapman. 
as day is to night. One will not use lime putty in the first coat, 
says it is the worst thing you can do, and another says that 25 
per cent of lime putty ought to be used. We do not contend 
that these specifications are for the amateur. We do think they 
are so drawn that they will be a good guide in stucco work and 
produce good work. To put in the specification either that a 
' certain amount of lime putty is to be used, or that no lime putty 
is to be used, would lead to confusion; some contractors would 
say the provision was all right and some that it was no good, 
depending on their point of view. We desire a definite expres- 
sion of opinion before the requirement is to be included in the 
specification. 
Mr. SKINNER.—That leaves the whole thing absolutely open, mr. skinner. 
just as it has been; leaves it entirely up to the man who is writing 
the specification. It does not give him any recommendation. 
Now I supposed the object of this investigation, as much as any- 
thing, was to collect all the evidence, not available in any partic- 
ular locality, sort it, sift it and find out what is the best practice. 
This to my mind is not a “standard specification” as it stands. 
Now if you are not prepared to make a recommendation I do not 
see the use of making a specification at all. It says, “If you do 
it this way, do it this way; if you do the other way, do it the 
other way.’’ Now, as an architect, all I have to go by on such 











Mr. Skinner. 


Mr. Chapman. 


336 DiscussiON ON PoRTLAND CEMENT Stucco. 


matters when writing my specifications is the best practice as 
I get it from builders and owners from all over the country. 
On this point opinions are as diverse as the different sections of 
the country and as the different men, but a technical body like 
this ought after a while to be able to tell which is right. Then 
architects can specify good practice and insist on it. 

Mr. CuapMan.—We know from the evidence that has been 
presented that perfectly good, satisfactory work, can be made 
without any lime putty in the first coat. Some very good con- 
tractors do not use it, others use it considerably. We might 
present such evidence as we have, that is, give the names and 
addresses of several scores of contractors, and their individual 
opinions and average them. This specification is the result of 
such a canvass, and as it stands has been mailed to several hun- 
dred contractors for criticism; and while a great many opinions 
have been expressed as to these percentages, practically all of 
them, 95 per cent of them, would come within the limits allowed 
in these specifications, that are almost as great as the variation 
in practice in the country. The committee was asked a year ago 
to develop a specification for stueco on wood lath. In order to 
do that it endeavored to find as many contractors as it could who 
were proficient in the application of stucco on wood lath who 
believed in doing that work. It wrote a circuiar letter to over 
300 members of the Institute and others asking information chiefly 
as to names and addresses of contractors who were recognized 
as proficient in applying stucco on wood lath. As the result of 
that correspondence about 55 names of contractors who were 
said by the correspondents to be up in that line of work were 
obtained. Those 55 were written to and were sent follow-up 
letters, and asked specific questions as to the details of applying 
stucco on wood lath. About 17 or 18 replies were received and 
these indicated that less than half of those men were in favor of 
using wood lath for stucco. However, some of those who did 
advocate wood lath were recognized as experienced, their work 
had been thoroughly satisfactory, and there was no reason to 
believe that properly used wood lath was not a satisfactory 
medium on which to apply stucco. So that while the recom- 
mendations submitted are based on the practice of a compara- 
tively few contractors, they are those whose work is looked upon 
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as first-class. The committee made inquiries as to five different 
types of construction, four of which were based on the use of two 
layers of lath. The replies seemed to be divided into those that 
recommend several layers of lath or counterlath, as they call it, 
and the single layer of lath. When a single layer of lath is used 
there seems to be little variation in the method; simply one layer 
of furring strips laid horizontally with a sufficient lap between 
them to allow keys. But when they are placed on two layers 
there is a variety of methods used. In the first place, they back 
plaster. The two layers are laid diagonally on studding or fur- 
ring strips, depending on whether or not sheathing boards are 
used. Where sheathing boards are not used the lath are nailed 
directly to the studding, both at an angle, so that they make lap 
work, and the space between the lath is much wider than in the 
case of the single layer laid horizontally; that is, the distance 
is an inch or more between the lath; so that there are spaces the 
width of the lath apart one inch square, in which the mortar may 
be placed. Now, of these five methods, the first was counterlath 
back plastered on studs, the second counterlath back plastered 
on furring strips (placed horizontally on the studs), that is, the 
vertical studs were placed 12 in. to 16 in. apart and on these were 
furring strips 2 in. by 3 in. horizontally 12 in. apart; on the furring 
strips were placed 2-in. lath, 1 in. apart, diagonally, so that a 4-ft. 
lath spanned three spaces between those furring strips, 12-in. 
centers. Then the second layer of lath was nailed on top of that 
in the opposite direction. The third was with sheathing boards; 
the method was to put on the sheathing boards, then a layer of tar 
paper laid on vertically, and on the tar paper a furring strip of 
common lath, with the paper as laid, and two layers of lath, diag- 
onal to each other, spaced one inch apart. And the last method 
was virtually the same, except that the furring strips were { in. 
thick, 2 in. wide, instead of the common lath. Those are the four 
methods of counterlathing. The fifth method was the use of a 
single layer of lath directly on furring strips, nailed over the 
sheathing paper on sheathing boards. Now those methods were 
submitted and the results indicated that the profession seemed 
to be about equally divided between counterlathing or the double 
layer of lath, and the single layer of lath; and those that were in 
favor of the double layer of lath were, I think, 5 out of 8 or 9 
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in favor of one particular form of double layer, which was the last 
one I mentioned. Now, between that method and the single 
layer of lath they were about equally divided. So we have 
drawn up a specification based on our metal lath specification, 
only making such alterations as apply to the kind of lath used, 
in which we give these two alternate methods, the double layer 
and single layer. That makes a rather simple change in the pres- 
ent specifications on metal lath, by making only such modifica- 
tions as apply to stucco on wood lath and the method of applying it. 

Mr. Boyrer.—What is a narrow lath? 

Mr. CuapMan.—Where there is more than one size we prefe1 
the narrowest as giving more bond. We want to be definite; 
where there is more than one lath on the market we choose the 
narrow one. 

Mr. Boyrer.—Is there any reference made as to the quality 
of wood in the lath? 

Mr. CuHapMAN.—None other than that it shall be standard 
first quality, no kind of wood specified, because that varies. The 
cheapest wood available in any particular market is used for lath 
—any scrap that is big enough to cut lath out of. To specify 
the quality would be to specify a different quality for every state 
in the Union and some counties. 

PRESIDENT HumpHreY.—Those in favor of the motion that 
the specification for stucco on metal lath, with amendments, be 
approved and sent out to letter ballot say, aye; contraminded, 
no; the motion is agreed to. 

Mr. CHapMAN.—I think we will get more discussion of the 
wood lath specifications if it goes out as a proposed standard 
specification. 

PRESIDENT Humpurey.—The specification could not go to 
letter ballot, because it must be distributed to the members 30 
days in advance of the annual meeting; it would be a mistake, 
however, not to print the specification, because -by so doing we 
will secure discussion at the next convention; those in favor of 
printing it as a proposed specification only will signify by saying 
aye; opposed no. It is so ordered. 











THE ARTISTIC TREATMENT OF CONCRETE 
STRUCTURES. 


By OLtiver RANDOLPH ParRrRy.* 


While much of lasting benefit should result from this well 
attended and diversified gathering, yet an analysis of these pro- 
ceedings reveals the fact that only a few gentlemen representing 
the profession of which the speaker is a member are or have 
been present during our deliberations. This does not seem 
exactly as it should be, either for the good of the architectural 
profession or for the good of concrete as a building material and 
must suggest to our officers and members that something is lack- 
ing to excite a real interest in concrete construction which we, 
as a body, advocate. Can it be that the lack of a proper exploit- 
ing of examples of artistic treatment in our magazines, and insuf- 
ficient papers upon this subject in our Proceedings are partly 
the cause of such disinterestedness? The speaker thinks this is 
the case to a great extent. 

Now, gentlemen, we are all perfectly cognizant of the great 
ability of the officers of this organization; we know what they 
have accomplished in the past, are accomplishing now and can 
accomplish in the future, therefore, it seems reasonable to believe 
that the lack of attendance on the part of the architectural pro- 
fession rests largely with that profession at large. This is to be 
regretted, since the foundation source of all work should be the 
incentive for, and contain instruction to make possible, the very 
best artistic design and workmanship. The majority of you 
gentlemen, the speaker presumes, are structuralists and, there- 
fore, naturally look to the architect to give you that which is to 
be followed in the design and treatment of the work to be exe- 
cuted. Now if the architects do not devote thought and study 
to concrete construction from the artistic point of view there must 
be some cause or causes which it would be well to ascertain 
immediately. 

* Architect, Philadelphia, Pa. 
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Can it be a fear of lack of possibilities in concrete as a mate- 
rial susceptible to artistic treatment, or possibly a disinclination 
to develop the possibilities of this material in general practice 
outside of the usual commercial building? We can hardly believe 
it can be the latter, because every new structural material intro- 
duced into the building world has been taken up and is being 
employed, alone or in combination with other materials, to pro- 
duce artistic results. How much more possible is it to procure 
the most artistic treatment with concrete? Those present who 
have worked along art lines in concrete construction, realize the 
great possibilities that this material holds, and are, no doubt, 
like the speaker, anxiously awaiting development along this line 
which will evidently put concrete in its proper place as a leading 
material in arts and crafts. 

The speaker does not believe, as a member of the architec- 
tural profession, that there is a single material used in the build- 
ing world as acceptable and adaptable to artistic treatment as 
this same concrete, not alone perhaps as plain commercial con- 
crete but in combination with cement, white or yellow sand, and 
colored aggregate susceptible to treatment with the bush hammer, 
etc., as well as in combination with other materials such as brick, 
stone, tile, ete., and in treatment with various color and tone 
cement coatings now so generally procurable in the open market. 
In fact, there is no end to the variety of treatment one can obtain 
with intelligent study and ingenuity; and in addition to repro- 
ducing every kind of “art stone” from Indiana limestone to 
granite, it is also possible to procure hard wood effects, which, 
when treated as a finished article, so closely imitate oak, chestnut, 
etc., that the only way to tell the difference is through the touch. 

Now, gentlemen, it would appear to the speaker as though 
we should devote more time and attention to the artistic features 
of concrete work, and that a much greater proportion of the 
papers read before the Institute should be on this subject and our 
technical publications contain in every issue numerous examples 
of executed artistic concrete work. 

In addition it cannot be too strongly advocated that a yearly 
publication be issued by the American Concrete Institute along 
the lines of the Architectural Record or some similar publication, 
with illustrations of the better and more artistic class of build- 
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ings erected in concrete during the preceding year. The dis- 
tribution of this book should be to the architects’ offices through- 
out the country either by subscription or, if need be, in some cases, 
complimentary. Every designer, every man who creates the 
beautiful, should have a copy of it; and the speaker believes if 
the work that has been done is shown, the possibilities of concrete 
will be so generally recognized that from year to year the increase 
in extent of use and beauty of designs will continue until the less 
permanent building materials give place to concrete. 

From the Institute’s point of view, the more art it develops 
in concrete construction the greater the opportunity for increased 
membership from the architectural and building fields, which the 
speaker thinks would not be a disadvantage. The speaker urges 
that our President and each member of the Institute seriously 
considers this, and that it be taken up by the Board and word 
be sent broadcast throughout the entire country that we stand 
for artistic treatment in all structural work where concrete is a 
component material and that this is one of the most advantageous 
features in the selection of concrete as a building material. 

Let us see that the architects become interested in concrete. 
It is absurd to expect the majority of you gentlemen who are busy 
with large problems along commercial lines and in other direc- 
tions, to devote your time and thought to suggesting what can 
be done in the way of texture and color treatment for the archi- 
tects’ instruction. It seems absurd, because the architect should 
design and originate. He knows what best follows out his own 
creation and how to secure his effects, and if he asks the “Struc- 
turalist”’ to do this for him then he is negligent and not fulfilling 
his entire duty. 

In closing the speaker wants to thank you for this opportunity 
to say what has been long in his mind; and while it might have 
lain dormant a little longer, this is perhaps as opportune a 
time as any for an expression which may stir our exhibitors at 
the cement show to do even better next year. He does trust 
that much greater importance will be attached to the treatment 
of concrete structures and work, that an educational campaign 
will be pushed throughout the country in this connection and that 
we will enroll more members of his profession in the American 
Concrete Institute. 





Mr. Skinner. 


Mr. T. H. SkinneErR.—I am an architect and I can hardly 
be silent, in view of what Mr. Parry has said in criticism of the 
profession, when I know that the subject of artistic design in 
concrete is in the thoughts of the majority of the leaders of our 
profession. I say this because I have been in their offices a great 
many times in the last twenty years, and know that the leading 
architects in New York, Boston and Chicago are working on the 
problem. Concrete, 7. e., modern concrete, is practically a new 
material. It is enough to admit that architects, who have been 
trained in the architectural language of the Greeks and Romans, 
and have thought for years in terms of stone and especially of 
cut stone in all its forms and with all its limitations, have not 
attempted until recently to think monolithically, and their con- 
crete designs have been imitations of the old styles of architec- 
ture—though as I understand it, the manufacturers of cement 
do not decry the architects for this, but for not making a larger 
use of it in expensive and artistic structures. 

Now the very defects that the American Concrete Institute 
is working to eliminate from concrete, because we know there 
are defects, are those which the architects have found. Some 
are bound up in the chemical composition of cement; some are 
connected with the manipulation of cement. As examples of the 
first, I would mention—defects like hair cracking, or map crack- 
ing, which spoil the texture of the surface; of the second, the coat- 
ing of cement on picked or selected aggregate which spoils its 
beauty, giving a dull, dead appearance, and the fact that no two 
batches of concrete dry out to exactly the same color. These 
are the things which have made the architect hesitate to use 
concrete in work which is designed to stand artistically, and upon 
which he builds his reputation. These are defects for the manu- 
facturer or contractor and not for the architect to eliminate. 

The American Concrete Institute is solving these problems 
through its technical investigations which are made by practical 
men; and I believe that when it has solved them, when it has 
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found a method of construction by which the surface can be mr. Skinner. 


cleaned, or kept clean and the quality and beauty of the different 
aggregate brought out, architects will not quarrel with concrete 
as a building material. The Committee on Treatment of Con- 
crete Surfaces of which Mr. Wason is Chairman, is going to make 
a report; it is doing a great work and when that work is com- 
pleted and we can give architects what they want, none will be 
able to say with any shadow of justification that architects are 
not doing their duty by concrete. I know that leading men in 
the profession are studying it as they have opportunity—some 
are making helpful suggestions and all are only waiting for the 
solution of those problems on which we are working here, to take 
hold of it in a big, broad way. 








REPORT OF COMMITTEE ON BUILDING BLOCKS 
AND CEMENT PRODUCTS. 


Your Committee believes that the manufacture of cement 
products constitutes one of the most important uses of cement. 
The apparent ease with which this manufacture may be accom- 
plished has led many untrained persons to engage in the business 
without an understanding of the fundamental principles neces- 
sary to success in using cement in any class of construction. 

To criticize building departments and boards of fire under- 
writers for their failure to recognize the efficiency of cement 
products is idle until the manufacturers of such products shall 
recognize a uniform standard. No higher duty devolves upon 
the members of the American Concrete Institute than to formu- 
late, adopt, promote and insist upon the unvarying maintenance 
of standards which shall bring various cement products into 
universal recognition. , 

To aid in accomplishing this desirable purpose your Com- 
mittee submits for your consideration, recommended practice for 
the following cement products: 


(1) Plain Concrete Pipe and Drain Tile. 

(2) Conerete Architectural Stone, Building Block and 
Brick. 

(3) Concrete Fence Posts. 


Your Committee also submits for your consideration Stand- 
ard Building Regulations for the use of Concrete Architectural 
Stone, Building Block and Brick. 

Respectfully submitted, 
C. K. Arp, Chairman. 
EK. S. Hanson, 
J. K. Harrince, 


Ropert F. Havuik, 
H. H. MusseE_Man. 
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RECOMMENDED PRACTICE FOR PLAIN CONCRETE 
PIPE AND DRAIN TILE. 


This recommended practice is intended to cover general 
requirements for the manufacture of plain concrete pipe and 
drain tile; drain tile being used for drains, culverts, storm water 
sewers and to carry surface water and ground water only; pipe 
to be used for all purposes where drain tile are suitable, and pipe 
only to be used for carrying water containing sewage, acids, alkali 
or factory waste. 


MATERIALS. 


1. The cement shall meet the requirements of the Standard 
Specifications for Portland Cement of the American Society for 
Testing Materials revised to date, and adopted by this Institute 
(Standard No. 1). 

2. Fine aggregate shall consist of sand, crushed stone or 
gravel screenings, graded from fine to coarse and passing when 
dry a screen having 4 meshes per lin. in.; shall preferably be of 
siliceous material, clean, coarse, free from dust, soft particles, 
loam, vegetable or other deleterious matter; not more than 20 
per cent shall pass a sieve having 50 meshes per lin. in., and not 
more than 6 per cent shall pass a sievé having 100 meshes per 
lin. in. Fine aggregate shall be of such a quality that mortar 
composed of 1 part Portland cement and 3 parts fine aggregate 
by weight when made into briquettes will show a tensile strength 
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equal to, or greater than, the strength of 1:3 mortar of the same 
consistency made with the same cement and standard Ottawa 
sand. In no case shall fine aggregate containing frost or lumps of 
frozen material be used. In no case shall fine aggregate contain 
more than 3 per cent by weight of clay, loam or other organic 
or soluble matter as determined by washing according to the 
following method: 

A sample weighing from 100 to 200 grams is placed in a 
percolator 2} in. to 3 in. in diam., into which water is supplied 
at the bottom through a } in. round opening from a supply wherein 
the water surface is elevated 3 ft. above the surface of the water 
in the percolator, so as to maintain the flow under a head of about 
3 ft. The sample is thoroughly washed until the effluent water 
is clear. If the weight of the material so washed from the sample 
exceeds 3 per cent of the dry weight of the original sample, the 
material shall not be used for concrete pipe or tile. 

3. Coarse aggregate shall consist of inert material, as gravel 
or crushed stone, graded in size, retained on a screen having 40 
meshes per lin. in.; shall be clean, hard and durable, free from 
dust, vegetable or other deleterious matter, and shall contain no 
soft, flat, or elongated particles. In no case shall coarse aggre- 
gate containing frost or lumps of frozen material be used. 
Maximum size of coarse aggregate shall be no greater than one 
half the wall thickness of the pipe or drain tile. 

4. Natural mixed aggregate shall not be used as they come 
from the deposit, but shall be screened over a } in. screen and 
remixed to agree with the proportions as specified. The following 
exception to the rule may be noted, although in general best 
results will be obtained by screening out the material coarser 


than } in. and reproportioning. 


5. In the manufacture of pipe or drain tile in which it is found 
practicable to use aggregates having the maximum size of 3 in., 
natural mixed aggregate in the proportions hereinafter specified, 
may be used by screening through a 3 in. screen, provided the 
grading be such that not less than 50 per cent by weight is 
retained on a standard No. 10 sieve and that the grading as a 


whole closely agrees with the gradation shown below, which is 
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recommended as approaching the most practicable mixture of 
the different sizes. 


SIEVE. Per Cent Passine. 
} in . 100 
1 in.. ; 70 
No. 10 . & 
No. 20 ' . ae 
No. 30 ae 
PA An. ees < cops Pluet ie cin aden olees b iemereeecs vk. 


6. In making pipe or drain tile by ordinary processes fusing 
machines equipped with a revolving packer head, or with tampers 
and revolving core to form the shell, it will be found practicable 
to use aggregate having a maximum size of particles of } in. for 
all sizes of pipe and tile up to 12 in. For 12 in. and larger sizes, 
it will be found practicable to use aggregate having a maximum 
size of 4} in. Deficiency in fine material in the aggregate causes 
difficulty in the manufacturing process; loss of pipe or tile when 
removed from the casing, rough surfaces, stone pockets and thin 
holes through which water spurts when internal water pressure 
tests are applied. Deficiency in fine material within rather wide 
limits does not decrease the strength of the finished product. 
Excess of fine material causes low strength in finished pipe or tile 
and with ordinary mixtures tends to produce pipe or tile which 
will show seepage under internal pressure tests. The tendency 
to use an excess of fine material in the aggregate is to be guarded 
against, because unless pipe or tile is tested the manufacturers 
may be deceived as to the, quality of the product he is making, 
owing to the smooth and apparently workmanlike appearance of 
pipe or tile in which aggregate containing an excess of fine 
material has been used. 

7. Water shall be clean, free from oil, acid, strong alkali or 
vegetable matter. An automatic measuring device should be 
used to measure the amount of water used in each batch of con- 
crete, and after the desired consistency has been determined, 
this amount should be used in each batch until working conditions 
demand a change. 

PROPORTIONS. 


8. For drain tile up to and including 10 in. in diam., con- 
crete should be mixed in the proportidn of 1 bag of Portland 
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cement to not more than 3 cu. ft. of fine aggregate. For the 
manufacture of drain tile over 10 in. in diam., in which coarse 
aggregate having the maximum size of particles of 4 in. or more 
is used, concrete should be mixed in the proportion of 1 bag of 
Portland cement to not more than 5 cu. ft. of fine and coarse 
aggregate measured separately, and in no case shall the mixture 
contain more than 3 cu. ft. of fine aggregate to each bag of cement. 
If well graded, natural mixed aggregates up to } in. in size are 
used, as previously noted, a mixture of 1 bag of Portland cement 
to not more than 3 cu. ft. of mixed aggregate shall be used. 

9. For the manufacture of pipe up to and including 10 in. 
in diam., concrete shall be mixed in the proportion of 1 bag of 
Portland cement to not more than 4 cu. ft. of fine and coarse 
aggregate measured separately. In no case shall the mixture 
contain more than 23 cu. ft. of fine aggregate to each bag of 
cement. 


MIXING. 


10. A bag of Portland cement (94 lb. net), shall be considered 
1 cu. ft. The method of measuring the materials for the concrete 
shall be one which will insure separate and uniform proportions of 
each of the materials at all times. When cement is used in bulk, 
it shall be accurately measured in such manner as will insure that 
the measured amount used as the equivalent of 1 bag, shall be 
94 lb. 

11. Conereting materials shall be mixed to the desired con- 
sistency in a batch mixer of approved type, and the mixing shall 
continue for at least one minute after all materials, including 
water, are in the mixer. 

12. Retempering of mortar or concrete that has partially 
hardened, that is, remixing with additional materials, or with 
water, shall not be permitted. 

13. Concrete shall be mixed as wet as can be used and allow 
the immediate removal of the outer casing from the pipe or drain 
tile. As an indication of the required consistency the pipe or 
tile should show on the outer surface web-like markings or water 
marks indicating free moisture after the removal of the outer 
casing. Interior surfaces of the pipe or drain tile should show 
trowel marks caused by free water coming to the surface under 
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the trowel-like action of the revolving packer head or core in 
‘vase such is used. 

14. Pipe or drain tile should be made in such a manner as 
to insure a dense and uniformly compacted product with smooth 
ends and inner surfaces. Pipe and drain tile shall be formed so 
as to prevent laminations or planes of weakness. Each pipe or 
drain tile shall be of a cylindrical section, the size being desig- 
nated by the interior diameter. The thickness of the pipe or 
drain tile shall be practically uniform throughout and shall be 
not less than 7'5 the diameter with a minimum of } in. for drain 
tile and 2? in. for pipe. The diameter shall not vary more than 
3 per cent from that specified. 


WINTER WORK. 


15. No pipe or drain tile shall be made when the temperature 
of the atmosphere surrounding the machine is lower than 50° F. 
Aggregate and water shall be heated when the temperature of 
either is lower than 50° F. 


CURING. 

16. Within 60 min. after removing the outer casing from 
the pipe or drain tile, they shall be placed in a curing chamber 
where the temperature is not lower than 50° F. and protected 
from drafts of air and from all exposure which will tend to cause 
evaporation of moisture from the concrete. Within 12 hr. after 
removing the pipe or drain tile from the machine, the temperature 
of the curing chamber shall be raised to between 100° and 130° F., 
and an atmosphere saturated with water vapor shall be main- 
tained by introducing water vapor from the boiler into the curing 
chamber. This water vapor shall be introduced through a per- 
forated pipe laid with perforations down in a trough of water in 
the floor of the curing chamber. 

(a) When the outside temperature during the day time does 
not fall below 50° F., the pipe or drain tile shall be steam cured 
as described above, for not less than 48 hr., after which they may 
be removed from the curing chamber and piled in the yard. 
They shall then be sprinkled not less than 3 times daily for 7 days. 
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They may be shipped after having laid in the yard not less than 
14 days. 

(b) When the temperature of the outside atmosphere falls 
below 50° F. during the daytime, the pipe or drain tile shall be 
steam cured for not less than 96 hr., after which they may be 
piled in the yard. They need not receive any further treatment, 
but shall remain in the yard for not less than 14 days. 

17. In the steam curing process, two requirements must be 
observed, as neglect of these sometimes causes improper curing. 
First: The steam curing chamber must be so tight as to prevent 
circulation of air and the consequent existence of a heated atmos- 
phere not thoroughly saturated with water vapor, which would 
result in evaporation of water from the pipe walls. Second: 
Steam should not be allowed to enter the curing chamber under 
pressure in such a manner as to strike the green pipe or drain tile. 
The effect of this is to heat them quickly and cause the evapo- 
ration of water from the interior of the pipe or the tile walls and 
the destruction of the product. 

18. When it is found impracticable to introduce water vapor 
into the curing chamber, the pipe or drain tile shall be handled 
in the same manner as previously described for steam curing 
(paragraph 16), until they have become sufficiently hard so that 
the application of water does not injure them. The pipe or 
drain tile shall then be kept constantly wet on the surface by 
sprinkling with water for not less than 7 days for case (a), and 
14 days for case (b), and the temperature shall be maintained 
at not less than 70° F. in the curing chamber. After removal 
from the curing chamber, the pipe or drain tile shall be treated 
as already described for steam curing (paragraph 16), except 
that the period of storage in the yard shall not be less than 
14 days. 

19. In cases where it is desired to use a combination of steam 
and water curing, the pipe or drain tile shall be cured in the steam 
chamber under conditions described above for steam curing 
(paragraph 16), until such time as they are sufficiently hardened 
to permit piling one on top of another. They may then be removed 
to a sprinkling chamber where they will be at all times protected 
from drafts of air. Here they shall be kept constantly wet on the 
surface by sprinkling for a period of not less than 2 days for case (a) 
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and not less than 7 days for case (b). The temperature in the 
sprinkling chamber shall be maintained at not less than 70° F. 
for the periods mentioned. After removal from the sprinkling 
chamber the pipe or tile shall be treated in the manner described 
above for steam curing (paragraph 16), except that the period of 
storage in the yard shall not be less than 21 days. 


TESsTs. 
20. Indications of good quality in pipe and drain tile are: 


First: High supporting strength. 
Second: Low percentage of absorption. 


21. In making strength tests of drain tile or pipe, the methods 
proposed by Committee on Drain Tile of the American Society 
for Testing Materials should be followed, and the specimens 
should have minimum average supporting strength in accordance 
with the following table: 


D1aMeETER (IN.). Ls. PER LingaR Foor. 


Ss 


1,000 
10 , 1,050 
12 1,150 
14 .. 1,200 
16 1,500 
18 . 1,700 
20 2,100 
a 2,300 
24 hl i .. 2,500 


22. Pipe or drain tile which shows a small percentage of 
absorption are to be preferred in every respect to those that 
show high absorption. In making examination to determine 
the absorption, it is necessary to dry pipe or tile at a temperature 
of 212° F., until they show no further loss in weight. Pipe 
or drain tile will absorb their full capacity of water within 24 hr. 
after immersion. Tests have shown that high strength and low 
absorption go hand in hand. 
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RECOMMENDED PRACTICE FOR 
CONCRETE ARCHITECTURAL STONE, BUILDING 
BLOCK AND BRICK. 


This recommended practice is intended to cover general 
requirements for the manufacture and testing of concrete archi- 
tectural stone, building block and brick. 


MATERIALS. 


1. The cement shall meet the requirements of the Standard 
Specifications for Portland Cement of the American Society for 
Testing Materials, revised to date and adopted by this Institute 
(Standard No. 1). 

2. Fine aggregate shall consist of sand, crushed stone or 
gravel screenings, graded from fine to coarse and passing when 
dry a screen having 4 meshes per lin. in.; shall preferably be 
of siliceous material, clean, coarse, free from dust, soft particles, 
loam, vegetable or other deleterious matter; not more than 20 
per cent shall pass a sieve having 50 meshes per lin. in., and not 
more than 6 per cent shall pass a sieve having 100 meshes per 
lin. in. Fine aggregate shall be of such quality that mortar com- 
posed of 1 part Portland cement and 3 parts fine aggregate by 
weight when made into briquettes, will show a tensile strength 
equal to, or greater than the strength of 1:3 mortar of the same 
consistency made with the same cement and standard Ottawa 
sand. In no case shall fine aggregate containing frost or lumps 
of frozen material be used. In no case shall fine aggregate con- 
tain more than 3 per cent by weight of clay, loam, or other 
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organic or soluable matter as determined by washing according 
to the following method: 

A sample weighing from 100 to 200 grams is placed in a 
percolator 23 in. in diam., into which water is supplied at the 
bottom through a } in. round opening from a supply wherein the 
water surface is elevated 3 ft. above the surface of the water in 
the percolator, so as to maintain the flow under a head of about 
3 ft. The sample is thoroughly washed until the effluent water 
is clear. If the weight of the material so washed from the sample 
exceeds 3 per cent of the dry weight of the original sample, the 
material shall not be used for architectural stone, building block 
or brick. 

3. Coarse aggregate shall consist of inert material, as gravel 
or crushed stone, graded in size, retained on a screen having 4 
meshes per lin. in.; shall be clean, hard and durable, free from 
dust, vegetable or other deleterious matter, and shall contain no 
soft, flat or elongated particles. In no case shall coarse aggregate 
containing frost or lumps of frozen material be used. Coarse 
aggregate for architectural stone or building block shall vary in 
size from } in. to 1 in.; for brick from } in. to } in. 

4. Natural mixed aggregates shall not be used as they come 
from the deposit, but shall be screened over an }-in. screen and 
remixed to agree with the proportions as specified. 

5. Water shall be clean, free from oil, acid, strong alkali or 
vegetable matter. An automatic measuring device should be 
used to measure the amount of water used in each batch of con- 
crete, and after the desired consistency has been determined, this 
amount should be used in each batch until working conditions 
demand a change. 


PROPORTIONS. 


6. For architectural stone without mortar face, concrete 
should be mixed in the proportion of 1 bag of Portland cement 
to not more than 2 cu. ft. of fine aggregate and 3 cu. ft. of coarse 
aggregate. For architectural stone with mortar face, the backing 
of concrete should be mixed in the proportion of 1 bag of Port- 
land cement to not more than 23 cu. ft. of fine aggregate and 
4 cu. ft. of coarse aggregate; the mortar surface should be mixed 
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in the proportion of 1 bag of Portland cement to not more than 
2 cu. ft. of fine aggregate. 

7. For concrete block containing no coarse aggregate, the 
concrete should be mixed in the proportion of 1 bag of Portland 
cement to not more than 3 cu. ft. of fine aggregate. For concrete 
block with or without mortar face, in which coarse aggregate is 
used, concrete should be mixed in the proportion to 1 bag of 
Portland cement to not more than 2} cu. ft. of fine aggregate 
and 4 cu. ft. of coarse aggregate. Facing for concrete block should 
be mixed in the proportion of 1 bag of Portland cement to not 
more than 2 cu. ft. of fine aggregate. 

8. For brick in which no coarse aggregate is used, concrete 
should be mixed in the proportion of 1 bag of Portland cement 
to not more than 3 cu. ft. of fine aggregate. For brick in which 
coarse aggregate is used, concrete should be mixed in the pro- 
portion of 1 bag of Portland cement to not more than 2 cu. ft. 
of fine aggregate and 3 cu. ft. of coarse aggregate. 

9. A bag of Portland cement (94 Ib. net) shall be considered 
1 cu. ft. The method of measuring the materials for the con- 
crete shall be one which will insure separate and uniform propor- 
tions of each of the materials at all times. When cement is used 
in bulk, it shall be accurately measured in such manner as_ will 
insure that the measured amount used as the equivalent of 1 bag, 
shall be 94 lb. 

10. Concreting materials shall be mixed to the desired con- 
sistency in a batch mixer of approved type, and the mixing shall 
continue for at least one minute after all the materials, including 
water, are in the mixer. 

11. Retempering of mortar or concrete that has partially 
hardened, that is, remixing with additional materials or with 
water, shall not be permitted. 

12. For architectural stone, the concrete should be mixed 
wet enough so that water will freely flush to the surface with 
slight tamping. 

13. For building block made by hand or power tamping, the 
concrete should be mixed as wet as practicable to use in the ordi- 
nary make of block machine and allow immediate removal of the 
finished block from the mold. For concrete block made under 
pressure, the concrete should be mixed wet enough that a slight 
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excess of water will be ejected from the block when pressure is 
applied. For concrete block made by the wet process, the con- 
crete should be wet enough to immediately fill all parts of the 
mold without tamping, but not wet enough to cause the mortar 
to separate from the coarse aggregate. 

14. For brick, the concrete should be mixed as wet as pos- 
sible to use in the ordinary machines in which brick are made 
by hand or power tamping, or by the application of pressure. 
Sufficient water should always be used to slightly flush to the 
surface under tamping or pressure. 


WINTER WoRK. 


15. No architectural stone, building block or brick should 
be made when the temperature of the atmosphere surrounding 
the machine or mold is lower than 50° F. Aggregate and water 
should be heated when the temperature of either is lower than 
50° F. 

CURING. 

16. Within 60 min. after completing the manufacture of 
architectural stone, building block or brick, they shall be placed 
in a curing chamber where the temperature is not lower than 
50° F., and protected from drafts of air and from all exposure 
which will tend to cause evaporation of moisture from the con- 
crete. Within 12 hr. after removing architectural stone, building 
block or brick from the place of manufacture, the temperature 
in the curing chamber should be raised to between 100° and 
130° F., and an atmosphere saturated with water vapor main- 
tained by introducing water vapor from a boiler into the curing 
chamber. This water vapor should be introduced through a 
perforated pipe laid with perforations down in a trough of water 
in the floor of the curing chamber. 

(a) When the outside temperature during the daytime does 
not fall below 50° F., architectural stone, building block or brick 
shall be steam cured, as described above, for not less than 48 hr., 
after which they may be removed from the curing chamber and 
piled in the yard. They shall then be sprinkled not less than 
3 times daily for 7 days. They may be used after having laid 
in the yard not less than 14 days. 
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(b) When the temperature during the daytime does not fall 
below 50° F., architectural stone, building block or brick shall 
be steam cured for not less than 96 hr., after which they may be 
piled in the yard. They need not receive any further treatment, 
but shall remain in the yard for not less than 14 days. 

17. In the steam curing process, two requirements must be 
observed, as neglect of these sometimes causes improper curing. 
First: The steam curing chamber must be so tight as to prevent 
circulation of air and the consequent existence of a heated atmos- 
phere not thoroughly saturated with water vapor, which would 
result in evaporation of water from architectural stone, building 
block or brick. Second: Steam should not be allowed to enter 
the curing chamber under pressure in such a manner as to strike 
against the green architectural stone, building block or brick. 
The effect of this is to heat them quickly and cause evaporation 
of water from the product, resulting in ultimate destruction. 

18. When it is found impracticable to introduce water vapor 
into the curing chamber, architectural stone, building block and 
brick, shall be handled in the same manner as previously described 
for steam curing (paragraph 16), until they have become suf- 
ficiently hard so that the application of water does not injure the 
surface. Architectural stone, building block or brick shall then 
be kept constantly wet on the surface by sprinkling with water 
for not less than 7 days for case (a), and 14 days for case (b), and 
the temperature shall be maintained at not less than 70° F. in 
the curing chamber. After removal from the curing chamber, 
architectural stone, building block or brick should be treated as 
already described for steam curing (paragraph 16); that is, the 
period of storage in the yard shall not be less than 14 days. 


REINFORCEMENT. 

19. Architectural stone, subjected to cross bending shall be 
reinforced by means of rods placed about 14 in. from the tension 
surface and the total section area for the reinforcement shall be 
not less than 0.8 per cent of the cross-sectional area of the con- 
crete in the member reinforced. When any dimension exceeds 
8 times the least dimension of any member, such member shall 
be reinforced to insure safety in handling. 
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FINISHING. 

20. Architectural stone, building block or brick may have 
exposed surfaces treated by any of the various methods proposed 
by the American Concrete Institute in specifications or recom- 
mendations for treatment of concrete surfaces. All surfaces and 
arrises must be true and without imperfection. All large and 
heavy stones shali be provided with metal bonds for the purpose 
of tying to the masonry backing. 


TEsTs. 

21. Architectural stone, building block and brick not usually 
being subjected to tensile stresses, their testing is ordinarily 
limited to compression and absorption. 

22. Properly made architectural stone, building block or 
brick should—at the age of 28 days—sustain without failure a 
load of 1,500 lb. per sq. in. of gross area as placed in the wall, 
making no allowance for hollow space. 

23. After being dried to constant weight at a temperature 
of 212° F., architectural stone, building block or brick 28 days 
old should not show more than 5 per cent absorption after immer- 
sion in water 24 hr. 
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RECOMMENDED PRACTICE FOR CONCRETE 
FENCE POSTS. 


This recommended practice is intended to cover general 
requirements for the manufacture of concrete fence posts. 


MATERIALS. 


1. The cement shall meet the requirements of the Standard 
Specifications for Portland Cement of the American Society for 
Testing Materials, revised to date and adopted by this Institute 
(Standard No. 1). 

2. Fine aggregate shall consist of sand, crushed stone or 
gravel screenings, graded from fine to coarse and passing when 
dry a screen having 4 meshes per lin. in.; shall preferably be 
of a siliceous material, clean, coarse, free from dust, soft particles, 
loam vegetable or other deleterious matter; not more than 20 
per cent shall pass a sieve having 50 meshes per lin. in., and not 
more than 6 per cent shall pass a sieve having 100 meshes per 
lin. in. Fine aggregate shall be of such a quality that mortar 
composed of 1 part Portland cement and 3 parts fine aggregate 
by weight when made into briquettes, will show a tensile strength 
equal to, or greater than the strength of 1:3 mortar of the same 
consistency made with the same cement and standard Ottawa 
sand. In no case shall fine aggregate containing frost or lumps 
of frozen material be used. In no case shall fine aggregate con- 


tain more than 3 per cent by weight of clay, loam, or other organic 
or soluable matter as determined by washing according to the 
following method: 
A sample weighing from 100 to 200 grams is placed in a 
(358) 
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percolator 23 in. to 3 in. in diam., into which water is supplied 
at the bottom through a } in. round opening from a supply wherein 
the water surface is elevated 3 ft. above the surface of the water 
in the percolator, so as to maintain the flow under a head of 
about 3 ft. The sample is thoroughly washed until the effluent 
water is clear. If the weight of the material so washed from the 
sample exceeds 3 per cent of the dry weight of the original sample, 
the material shall not be used for concrete fence posts. 

3. Coarse aggregate shall consist of inert material, as gravel 
or crushed stone, graded to size, retained on a screen having 4 
meshes per lin. in.; shall be clean, hard and durable, free from 
dust, vegetable or other deleterious matter, and shall contain no 
soft, flat or elongated particles. In no case shall coarse aggregate 
containing frost or lumps of frozen material be used. Coarse 
aggregate for concrete fence posts shall vary in size from } to # in. 

4. Natural mixed aggregate shall not be used as they come 
from the deposit, but shall be screened over a { in. screen and 
remixed to agree with the proportions as specified. 

5. Water shall be clean, free from oil, acid, strong alkali or 
vegetable matter. An automatic measuring device should be 
used to measure the amount of water used in each batch of eon- 
crete, and after the desired consistency has been determined, 
this amount should be used in each batch until working conditions 
demand a change. 

6. For concrete fence posts containing no coarse aggregate 
the concrete should be mixed in the proportion of 1 bag of Portland 
cement to not more than 23 cu. ft. of fine aggregate. For con- 
crete fence posts in which coarse aggregate is used, concrete should 
be mixed in the proportion of 1 bag of Portland cement to not 
more than 2 cu. ft. of fine aggregate and 3 cu. ft. of coarse 
aggregate. 

7. A bag of Portland cement (94 lb. net) shall be considered 
1 cu. ft. The method of measuring the materials for the concrete 
shall be one which will insure separate and uniform proportions 
of each of the materials at all times. When cement is used in 
bulk, it shall be accurately measured in such manner as will insure 


that the measured amount used as the equivalent of 1 bag, shall 
be 94 Ib. 
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8. Concreting materials shall be mixed to the desired con- 
sistency in a batch mixer of approved type, and the mixing shall 
continue for at least one minute after all materials, including 
water, are in the mixer. 

9. Retempering of mortar or concrete that has partially 
hardened, that is, remixing with additional materials or with 
water, shall not be permitted. 

10. For concrete fence posts, the concrete should be mixed 
wet enough that no tamping will be required, compactness in 
filling the molds being secured by agitating the concrete either by 
stirring it or by jarring the mold. 

11. No concrete fence posts should be made when the tem- 
perature of the atmosphere surrounding the mold is lower than 
50° F. Aggregates and water should be heated when the tem- 
perature of either is lower than 50° F. 

CURING. 

12. Within 60 min. after completing the manufacture of 
concrete fence posts, they: shall be placed in a curing chamber 
where the temperature is not lower than 50° F. and protected 
from drafts of air and from all exposure which will tend to cause 
evaporation of moisture from the concrete. Within 12 hr. after 
removing the concrete fence posts from the place of their manu- 
facture, the temperature in the curing chamber should be raised 
to between 100° and 130° F. and an atmosphere saturated with 
water vapor maintained by introducing water vapor from the 
boiler into the curing chamber. This water vapor should be 
introduced through a perforated pipe laid with perforations 
down in a trough of water in the floor of the curing chamber. 

(a) When the outside temperature during the daytime does 
not fall below 50° F., concrete fence posts shall be steam cured, 
as described above, for not less than 48 hr., after which they may 
be removed from the curing chamber and piled in the yard. 
They shall then be sprinkled not less than 3 times daily for 7 
days. They may be used after having laid in the yard not less 
than 14 days. 

(b) When the temperature of the outside atmosphere falls 
below 50° F. during the daytime, concrete fence posts shall be 
steam cured for not less than 96 hr. after which they may be 
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piled in the yard. They need not receive any further treatment, 
but shall remain in the yard for not less than 14 days. 

13. In the steam curing process, two requirements must 
be observed, as neglect of these sometimes cause improper curing. 
First: The steam curing chamber must be air tight as to prevent 
circulation of air and the consequent existence of a heated 
atmosphere not thoroughly saturated with water vapor which 
would result in evaporation of water from the concrete fence 
posts. Second: Steam should not be allowed to enter the curing 
chamber under pressure in such a manner as to strike the green 
concrete fence posts. The effect of this is to heat them quickly 
and cause evaporation of water from the product, resulting in 
ultimate destruction. 

14. When it is found impracticable to introduce water vapor 
into the curing chamber, concrete fence posts shall be handled 
in the same manner as previously described for steam curing 
(paragraph 12), until they have become sufficiently hard so that 
the application of water does not injure the surface. Concrete 
fence posts shall then be kept constantly wet on the surface 
by sprinkling with water for not less than 7 days for case (a) 
and 14 days for case (b), and the temperature shall be maintained 
at not less than 70° F. in the curing chamber. After removal 
from the curing chamber, concrete fence posts should be treated 
as already described for steam curing (paragraph 12), that is, 
the period of storage in the yard shall not be less than 14 days. 


REINFORCEMENT. 


15. Conerete fence posts of dimensions usually known as 
“line posts” shall be reinforced by imbedding at each corner 
of the post, { in. from the surface, a } in. steel rod, twisted bar 
or wire. 

16. Concrete fence posts of dimensions usually known as 
“corner posts’ shall be reinforced by imbedding at each corner 
of the post, ¢ in. from the surface, a 3% in. steel rod or other rein- 
forcement of equal cross section. 

17. Concrete braces for sustaining the position of corner 
posts shall be reinforced by imbedding at each corner of the 
brace, ? in. from the surface, a 2-in. steel rod or other reinforce- 
ment of equal cross section. 
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STANDARD BUILDING REGULATIONS FOR THE USE 
OF CONCRETE ARCHITECTURAL STONE, 
BUILDING BLOCK AND BRICK. 


I. GENERAL. 


1. Concrete architectural stone, building block and_ brick 
meeting the requirements set forth in Standard Recommended 
Practice may be used in building construction, subject to the 
usual form of approval required of other materials of construction 
by the bureau of building inspection. 

2. The height of buildings constructed of such concrete 
building products shall be limited by the requirements in these 
regulations. 


Il. Deratts or CONSTRUCTION. 


3. (a) Bearing Walls, 25 ft. span.—The thickness of bearing 
walls in such buildings as garages, stables, office buildings, hotels, 
tenements, boarding and lodging houses and residences, shall be 
as given in the table below, for buildings in which the maximum 
distance between bearing walls or columns does not exceed 25 ft. 
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(b) Bearing Walls, more than 25 ft. span.—In buildings 
not covered by the above, the thickness of the bearing walls shall 
be determined according to the limit of loading specified in para- 
graph 6. In no case, however, shall any outside bearing wall 
be less than 8 in. thick. 

(c) Party Walls——Hollow space in concrete blocks used 
in the construction of party walls shall be filled with concrete, 
placed on the job. 

(d) Curtain or Partition Walls.—For curtain walls or par- 
tition walls, the requirements shall be the same as in the use of 
hollow tile, terra-cotta or plaster blocks. 

4. (a) Bonding.—Where the face only is of hollow concrete 
block, and the backing is of brick, the facing of hollow block 
must be strongly bonded to the brick, either with headers pro- 
jecting 4 in. into the brick work, every fourth course being a 
header course, or with approved ties, no brick backing to be less 
than 8 in. thick. Where the walls are made entirely of concrete 
block, but where said block have not the same width as the wall, 
every fifth course shall extend through the wall, forming a secure 
bond, when not otherwise sufficiently bonded. 

(b) Portland cement mortar shall be made in the propor- 
tion of 1 part Portland cement, not more than 2 parts sand and 
shall be used immediately after being mixed. 

(c) Cement-lime mortar shall be made in the proportion 
of 1 part Portland cement, not more than 2 parts sand and not 
more than } part hydrated lime or lime putty. 

5. Whenever girders or joints rest upon walls so that there 
is a concentrated load on the block of over 2 tons, the blocks 
supporting the girder or joints must be made solid for at least 
8 in. from the inside face. When such concentrated load exceeds 
5 tons, the blocks for at least three courses below, and for a dis- 
tance extending at least 18 in. each side of each girder shall be 
made solid for at least 8 in. from the inside face. Whenever 
walls are decreased in thickness, the top course of the thicker 
wall shall afford a full solid bearing for the web and walls of the 
next higher course of block. 

6. No wall composed of hollow concrete block when laid 
up in cement-lime mortar shall be loaded at any point to an excess 
of 167 lb. per sq. in. equivalent to 12 tons per sq. ft. of the super- 
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ficial area of such block as used in the wall including the weight 
of the wall. When the blocks are laid up in Portland cement 
mortar, this limit of loading may be increased to 200 lb. per 
sq. in. In buildings where most of the load is carried by pilasters, 
said pilasters may be made of hollow concrete building block 
and the air spaces filled with concrete, placed on the job. Such 
pilasters shall not be loaded to exceed 300 lb. per sq. in. of gross 
cross-sectional area. 

7. Block for use in bearing walls shall show a crushing strength 
of at least 1,500 lb. per sq. in. of gross cross-sectional area when 
28 days old. 

8. Concrete building block or bricks may be used for building 
chimneys and flues, provided that such ¢himneys and flues shall 
conform to the requirements for clay-brick flues as to flue-lining 
and thickness of walls. 
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CONCRETE POSTS TO FILL THE GAP. 
By A. M. Smrru.* 


While the concrete post cannot be called new, it has not 
been given as much attention as its importance warrants. 

The application of concrete seemed so ridiculously simple 
that many of its early users, because of insufficient knowledge, 
found themselves in trouble, thus affording further proof that 
‘“‘a little learning is a dangerous thing.” It is necessary when 
using concrete for any new purpose to subject it to rigorous tests, 
and this is precisely what was done with other building materials. 

No one would think of using steel, iron, brick or even granite 
without sound advice from experts; yet we have seen concrete 
used in lieu of these materials with a lack of information as to 
what might be expected which would be ludicrous if it had not 
been, in many cases, tragic. 

The concrete fence post ceased to be an experiment a good 
many years ago. Yet there is much more to be said about its 
construction than could be told in several times the space allotted. 

One thing may be said for the early makers of concrete fence 
posts; as a rule, they made them strong enough, and clumsy 
enough, and ugly enough, so that doubtless many of even the 
poorer ones will endure as long as time exists. 

The real problem is found not only in the proper mixture 
to be used, but in the adoption of good general designs, and types 
for specific service, together with a thorough knowledge of the 
results to be secured from posts of varying lengths, cross-sec- 
tions, etc. When speaking of the manufacture of concrete posts, 
we must at once sub-divide the subject into materials, their cost, 
selection and preparation; the reinforcing of the concrete, and 
the best methods to be employed for that purpose, and finally 
the general question of the ability of the average man to make a 
good post either commercially or for his individual need. 

There is that sense of the fitness of things in most of us, 
which makes us want to work with clean materials. Therefore, 
none need to be told to reject dirty sand or dirty gravel. The 

* Manager, Ohio Post Mold Company, Toledo, Ohio. 
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question of mixture is one over which there may be some argu- 
ment and the best general rule is to use a mixture of 1 part Port- 
land cement, 2 parts sand and 3 parts either gravel or crushed 
rock. The size of the gravel or crushed rock depends somewhat 
on the cross dimensions of the post, but it is not good policy, 
generally speaking, to use larger aggregate than 3 in. and it may 
be as fine as } in. 

There are some good makers of concrete fence posts who 
work by a rule of thumb, just as there are some mighty good 
cooks who could not tell how they make their most famous 
dishes. 

But one thing is sure, in the making of concrete, the cement 
is the most important factor of all. It is the chemical action of 
the mixture of cement, water, sand and gravel that furnishes the 
real problem, and you must not err on the side of using less cement 
than is necessary. 

The following remarks as to costs are not suggested by the 
conditions in any given locality, because they may be favorable 
so far as one ingredient is concerned, and quite unfavorable as 
regards the others. 

One yard of sand or gravel is sufficient for 40 concrete fence 
posts. One barrel of cement, using a 1 : 4 mixture, will make 24 
posts. 

One ton of 4-in. iron bars will reinforce 500 posts, allowing 
three bars to the post. 

These factors will make the cost of the ordinary line post 
about 15 cents per post on an average, taking the country all over. 
The question of labor is complicated by the appliances at hand 
and the efficiency of the workmen who use them. Under the 
best conditions the labor cost on a post will not be less than 3 
cents, and should not exceed 5 cents under any conditions. 

The question of reinforcement is also a subject upon which 
there are many and varying opinions. We find in our practice 
that the ;-in. bar is thoroughly reliable in the majority of cases, 
and we have no hesitation in recommending it for general purposes. 
At the same time it cannot be denied that a }-in. bar would be 
stronger, and if we are in doubt we use the heavier bar. It is a 
waste of money to use a bar having a diameter greater than } In. 
The position of the bar in the post is almost of as great importance 
as the quality of the bar itself. The reinforcement gives to con- 
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crete the tensile strength that this material lacks. As we all 
know, concrete resists compressive strains admirably but is weak 
in tensile resistance. For this reason, the reinforcing bars should 
be placed at the farthest radii from the center of the mass or 
neutral axis, and should be so embedded beneath the surface of 
the concrete that weather conditions will not affect them. 

We have been making molds for use by farmers and for fence 
post dealers for a number of years and these molds have been 
rather widely distributed throughout the country. There have 
been but few complaints and these can often be attributed to 
lack of intelligent work on the part of the users of the molds. 

We teach our buyers not to use tamped concrete, and that 
the slush mixture is better in every way. The operator very 
quickly learns that he should have a mixture that will pour 
readily from a pail or scoop, preferably a little too wet, than not 
wet enough. We try in every way to convince the makers of 
concrete posts that the aging of this material is a true chemical 
action which requires more time than the average man would 
imagine. We explain to them that the posts should not be 
exposed either to the sun or to dry air currents, so that the water 
will not be evaporated too quickly and a crumbling condition 
induced. We advise keeping the posts in the shade, in an upright 
position, or in as nearly an upright position as possible, for from 
20 to 30 days. We tell them that it is a good precaution to sprinkle 
the posts several times while curing. We think it advisable not 
to remove the posts from the molds for at least 24 hrs., and 48 
hrs. may be necessary if the weather conditions are unfavorable. 
We further advise that if the posts are being made for commercial 
purposes, at least 60 days should elapse in order to give them the 
thorough curing required before they are hauled or subjected to 
much lateral strain. 

Today the American farmer is unquestionably the greatest 
consumer of fence posts, with the railroads a close second. The 
farmer, we find, is more inclined to test by service than to be 
governed by the result of laboratory processes. The railroads 
have taken the advice of experts on this subject and have gone 
at the question in a wholesale fashion. But the farmer wants to 
try a few posts for a few years, or wants to know what results a 
neighbor has had. 

We must accept this condition and we have plenty of informa- 
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tion which should go a long way towards convincing any farmer 
or the manager of a large estate that we do know just what con- 
crete fence posts will do, what they cost, and why it is to their 
advantage to use them. We are obliged to fight the streak of 
conservatism that we all possess, and are simply repeating the 
history of all great inventions and improvements. 

While most of us like to pose as progressives, yet in our 
hearts we are generally ‘“stand-patters.”” We had our doubts 
about the telephone, and the electric light was, at first, some- 
what of a joke. Concrete pavements were risky experiments; 
concrete building blocks were at first accepted without a great 
deal of enthusiasm, and the concrete fence post has been slow in 
securing the confidence of the public. 

We are doing our best to add our share to the education of 
the masses, and, generally speaking, the educational work is 
going on in a most satisfactory fashion. The work of the great 
railroads has been keenly watched by the men through whose land 
they run. The United States Department of Agriculture has 
carried on experiments as to the merits and desirability of the 
concrete post which are very convincing. A number of the 
leading states of the Union have given the concrete fence post the 
cordial welcome its importance warrants. 

In advocating the use of the concrete fence post, we have 
one very great advantage. Every thinking man knows that the 
day of the wooden post is rapidly coming to an end. Even if it 
were as good as the concrete post—which it is far from being- 
it is becoming so scarce, and in a very few years it will be extrav- 
agance to even think of wood for this purpose. 

On the other hand, while nearly everything we eat, wear 
and use, has appreciated in value, modern methods of making 
cement have reduced the price of this material, and we do not 
inquire so closely into its cost of manufacture as into the cost of 
transporting it to the points at which it is to be used. 

Concrete has come into its own in a way that the prophet 
of twenty years ago would never have dreamed possible. There 
seems to be no limit to the uses to which concrete can be legiti- 
mately adapted. Concrete posts are not among the least of these 
uses, and in the opinion of many well-informed men the great 
expansion of the industry during the next few years will be in the 
use of the concrete fence post. 
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THE PROBLEMS OF THE CONTRACTOR. 
By Leonarp C. Wason.* 


INTRODUCTION. 


This paper is written at the suggestion of a friend, who believes 
that if the engineer and the architect can better understand the 
problems they put up to the contractor, and can get an insight 
into the whole problem through his eyes, greater efficiency will 
be obtained in building operations and more harmony in their 
business relations will result. The writer believes most posi- 
tively that an engineer and a. contractor are both necessary. 
That no matter how great the ability of any person, and in spite 
of unlimited help and financial resources, the owner’s interests 
in the long run can be better served by two persons—the engineer 
and the contractor—working together than by one performing 
all these duties. If this paper helps to establish permanent 
team work between the engineer and the contractor, where 
now is, too frequently, antagonism and misunderstanding, its 
presentation will have been justified. 

The company with which the writer is connected has for 
nearly -20 years specialized in reinforced-concrete construction. 
Mill buildings of reinforced concrete for various industrial pur- 
poses have constituted the major part of this work. It will 
be seen in what follows that the day of the contractor has passed 
whose only written record is a pocket time book and the stubs 
of a check book, and his methods have been replaced by some- 
what intricate ones with elaborate organization. This organi- 
zation and the methods used are the results of slow development. 
It is hoped this paper will prove that in solving the contractor’s 
problem of furnishing quick, efficient and economical service 
the results accomplished justify the methods employed. Every- 
thing herein described is based on the personal experience of the 
writer and of his company. 





* President, Aberthaw Construction Company, Boston, Mass. 
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The subject is considered in two parts. — First, the human 
elements; and second, the mechanical elements of actual con- 
struction. For convenience both parts are subdivided, as follows: 


HuMAN ELEMENTS. 


General relations: With owner; with engineer; with in- 
spector; the superintendent. 


THE CONTRACT. 


EXECUTION OF ContTRAcT—Mechanical Elements. 
Preliminary work. 
Analysis of the design: Minor features; uncommon features; 
method of drawing details. 
Selection and purchase of materials. 


MANAGEMENT OF CONSTRUCTION. 
Drawings for forms, steel bending and plant. 
Plant: Kind, amount, arrangement, methods. 
Organization of job force. 
Planning, routing and cost accounting. 
Weather conditions: Precautions against rain, sun and frost. 


GENERAL RELATIONS. 


Before taking up the mechanical elements involved in 
executing a contract, it will be well to consider the human ele- 
ments which are sometimes paramount to its actual execution. 

The Owner.—As sometimes the owner takes an active 
interest in the execution of the work, although he deals through 
his engineer or architect, it is of considerable importance to know 
his temperament and point ‘of view. Greater harmony will thus 
be obtained. The engineer will do well to bring both parties 
together early and often. There is the owner who has not been 
seen at the time of final payment, and the one who is in evidence 
every day,—the one who has a technical training and knows, 
and the one who does not know about construction, but thinks 
he does, and concerns himself with the work commonly considered 
the engineer’s. If the engineer is weak-kneed, with the last- 
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named type of owner, expense and misunderstanding are almost 
certain to result, primarily because no man can serve two masters, 
and secondarily because an ignorant master, the owner, is never 
satisfied. If there is a very strong, fair-minded engineer who 
commands the respect of his client, there is little trouble with 
any type of owner. The worst combination is a fussy owner 
and an engineer who has obtained his commission by hard chasing, 
instead of being sought by the owners. The latter is the hardest 
to control and frequently makes trouble for the contractor thus 
affecting the cost of the work. The contractor, therefore, seeks 
to learn the probable conditions before submitting a bid. 

The Engineer or Architect—Then it is necessary to study 
the engineer or architect and consider his method of handling 
and supervising work. The methods of some engineers are radi- 
‘ally different from those of others; this has a marked bearing 
upon the cost of the work and sometimes on its desirability to 
the contractor. The contractor must determine what sort of 
treatment he will receive. Nothing adds to the price of a bid 
like uncertainty, whether it be in the temperament of the engineer, 
of the owner or the unknown construction problems. Usually 
the engineer or architect intends to be just, but on rare occasions 
he allows his judgment to be influenced by the attitude of the 
owner; or, where two different solutions may be possible, for 
policy’s sake or for hope of personal advancement, makes the 
second best decision. The increased expense which is entailed 
‘an never be foreseen, although it certainly exists and has to be 
paid for as a contingent item of cost. The reputation of the 
engineer who is always fair spreads far and wide, and he is sought 
by many responsible contractors who desire to do his work. 
This results in work being done at the lowest legitimate cost by 
competent firms; the owner gets a square deal, and by reason 
thereof continues to employ this engineer, and also recommends 
him to his friends; he thus, in the long run, prospers more than 
he could by other methods. Meanwhile, he maintains his self- 
respect and is justly proud of work well done. Contractors 
talk rather freely among themselves about their experiences 
and their opinion of those for whom they have worked, and 
perhaps oftener than is imagined are asked by owners whom they 
would recommend to design new work. They certainly exert 
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an influence on the reputation and also on the business of the 
engineer. 

The Inspector.—One of the great problems which the con- 
tractor has to face is the ability of the inspector who represents 
the engineer on the work. When thoroughly competent he is 
a great help to the contractor and very beneficial in the results 
obtained. The most important thing to consider in the appoint- 
ment of an inexperienced man is his temperament. He must 
have an even temper not easily ruffled, be considerate, yet firm, 
always diplomatic, and be capable of performing his duties 
acceptably to his employer. The superintendent for the con- 
tractor is necessarily better informed and trained in construction, 
is an executive who is constantly directing others and quick to 
resist for the good of the service insubordination or usurpation 
of the duties for which he is held to strict account by his employer. 
In other words, he is trained to be an autocrat. This tempera- 
ment does not take kindly to being bossed by a younger man 
with admittedly less experience. Therefore, the inspector must 
have the above-named qualities and also must not consider it 
a personal affront when his orders are overruled. He will make 
some mistakes which the engineer will correct, and many more, 
alas, which his chief will never hear about, although they cause 
unnecessary expense and may affect his chief’s professional 
reputation. He is in a trying position, left too much alone, 
and required to perform certain duties, beyond whose bounds 
he must not go. Friction is most frequently caused when the 
inspector assumes to perform duties which do not belong to him. 
The contractor has a perfect right to object to this, but out of 
the refusal arise many complications. Judging from results, 
it would seem that the inspectors are not concisely instructed 
in their duties and they are not watched closely enough by their 
chiefs to see that they not only perform their duty but also do 
not attempt more. The most common mistake of the inspector 
is to interfere in the conduct of the work by giving the workman 
orders direct. To permit this would destroy the morale and 
disorganize the job with far-reaching consequences. 

It may be asked why the contractor so seldom protests 
against the rulings and objections of incompetent inspectors 
and those who have an alleged grudge to work off. Experience 
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has proved that the contractor who habitually does this would 
find it much more profitable to retire from business. 

The Superintendent—The very first step which a con- 
tractor must take in starting the execution of a job is that of 
selecting a general superintendent to handle the work. The 
type that is hired for a single job and discharged at its comple- 
tion is not worth having. The really desirable superintendent 
is obtained by experience, is the survival of the many tried, 
and when once secured should be retained. Some owners and 
engineers so appreciate the value of personality that they have 
given the writer’s company contracts on condition that a certain 
superintendent be placed in charge. 

Frederick W. Taylor, in his excellent paper entitled “Shop 
Management,” specifies 9 different qualifications which go to 
make up a well-rounded man, namely: 


Brains; education; special or technical knowledge; manual dexterity 
or strength; tact; energy; grit; honesty; judgment or common-sense; and 
good health.” 


He states that there are plenty of men to be found who 
embody 3 of these qualifications. Four make a higher-priced 
man. A man combining 5 is quite hard to get, and one combining 
6, 7 or 8 is almost impossible. If a building superintendent is 
to be successful, he must combine at least 7 of these qualities. 
He must have brains, special and technical knowledge of both 
contract and subcontract work, tact, energy, honesty, judgment 
and good health. He must have a personality which drives to 
activity several hundred originally unorganized men who are 
without special interest in the company or in the result accom- 
plished, and such tact and judgment as to weld them into a 
harmonious working force, cheerful and self-respecting, with 
high morale, and ultimately with enthusiasm for the work in 
hand. He carries a great responsibility as he builds full size, 
with permanent materials, the structure whose intricacies of 
design tax the skill of the engineer to show clearly on paper; 
with an honor so fine that the company is ready to leave its 
reputation in his hands, to trust him with funds; with special 
experience so trained that dangerous operations are carried on 
as a matter of routine, without worry to himself or the company, 
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yet with a constant oversight of a thousand chances for accident 
or perhaps death which may occur ‘to the men in his charge; 
with a forethought so great that he sees ahead and _ provides 
for the problems which are to come up perhaps months later; 
with a temper so good that he never loses self-control under the 
most provoking circumstances, and is able to take with the best 
of grace changes in his plans from the office, and to work in that 
close coéperation with the company which is so necessary to make 
it an effective contracting organization. Such men have a 
temperament that responds quickly to criticism or praise. Praise 
comes sparingly, even when deserved, while criticism is freely 
meted out. The members of the executive force on any job 
which is sharply criticised will try to avoid criticism by refusing 
the slightest responsibility beyond what they believe to be 
clearly their own. A company sharply criticised by an engineer 
is likely to do precisely the same thing and will throw on the 
engineer every bit of responsibility that it can possibly avoid. 
The attitude of the engineer in this respect is reflected in the 
execution of the work. One engineer may call attention to a 
mistake with a letter that is harsh and ends with a sting that 
leaves a feeling of injustice and soreness in the mind of the recipient. 
Another, in calling attention by letter to a similar matter, does 
so in a manner that causes the contractor to jump to correct 
the trouble cheerfully, quickly and without comment, and also 
sometimes to do more than was asked. 

The local conditions may demand a great deal of tact by 
the superintendent in the handling of his labor. He is usually 
equal to the situation. 


THE CONTRACT. 

The type of contract is manifestly of considerable impor- 
tance. It is the firm opinion of the writer that the usual lump- 
sum contract type obtained in competitive bidding does not 
give an owner the best results. With competitive bidding open 
to all, the lowest bidder is liable to be one who does not use the 
best of methods, is looking for all sorts of short cuts, and has 
frequently a limited amount of experience and capital. It has 
been often noted that those new in the reinforced-concrete field 
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under-estimate the difficulty and the cost and do work badly at 
first, no matter how experienced in other lines. The lowest 
bidder is squeezed to a price for which it is known he cannot 
make much, if any, profit, and there is, therefore, every incentive 
to save expense and slight the work. This condition of necessity 
encourages mutual suspicion and antagonism, therefore, the 
best results are impossible. No amount of careful inspection 
can make an inexperienced or incompetent contractor turn out 
thoroughly first-class work. 

On the other hand, under the cost-plus-fixed-sum-for-profit 
type of contract, the interests of the owner, builder and engineer 
are one. Work obtained in this way is certain to be much 
better for the same cost; even if the cost is slightly greater, the 
owner has the assurance that he is getting much more for his 
money. The engineer can examine the estimate of cost as pre- 
pared by the contractor, discuss savings or changes, and can 
see places where he is willing to cut the design, when he knows 
that there is not going to be still further cuts in the execution of 
the work. When he knows that the work is going to be executed 
exactly as designed, he can design with greater precision and 
economy than when he has to provide extra strength or size of 
members to allow for a possible lack of quality of materials and 
workmanship by some unknown person who may secure the 
execution of the work. The contractor has service to sell, the 
owner wants results, and where this mutuality exists both parties 
can accomplish the end for which they are striving. If the owner 
wants to start as soon as he engages the engineer and before 
plans are started, he can save about 6 weeks’ time with no serious 
difference in cost on the cost-plus-fixed-sum basis. There are 
several variations in details with this type of contract. Its 
merit lies in removing one of the most trying problems of the 
contractor,—his antagonistic relation to the engineer and the 
owner. 


ANALYSIS OF THE DESIGN. 


When a contract is awarded, and a set of plans received from 
the engineer, a considerable amount of work must be done in 
the main office, beginning long before any work is started in the 
field, and continuing in the designing and the purchasing depart- 
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ments during the early stages of construction. The function 
of the designing department is to make a careful study of the 
complete set of plans for the purpose of designing forms, tabu- 
lating steel, and illustrating and tabulating such other materials, 
as doors, windows, architectural iron, etc., when this is not done 
in the engineer’s office. The location of construction and con- 
traction joints is studied, and on rare occasions the structural 
design is reviewed. If the writer’s practice it is common to 
close a contract and start building before any working drawings 
are made. Then the work and responsibility thrown on the 
designing department are very great. 

Minor Features.—This term is applied to those parts of the 
design which are not vital to the construction, and, therefore, 
frequently are not shown on plans, being left either to be settled 
in advance by the builder or during construction by the engineer 
and himself. Knowledge of some of these features is acquired 
only by experience in actual construction, and may not occur 
to the engineer until called to his attention. Chief among these 
minor features requiring attention are the means to be provided 
to prevent cracks, which mar the appearance and are often a 
source of annoyance though seldom a cause of structural weak- 
ness. There are, sometimes, cracks caused by unequal settle- 
ment of foundation, as in the case of a building partly on piles 
and partly on earth, where it is hard to foresee and provide such 
an amount of bearing that the whole will settle evenly. Large 
wall surfaces without joints are very liable to crack vertically, 
due to the shrinkage stresses in the concrete. Experience has 
shown that thin walls with insufficient reinforcement will crack 
about every 25 ft. of their length when exposed to the air on both 
sides. Thick walls will crack about every 50 ft. Where the 
wall is exposed to the air on one side only, and kept at a fairly 
uniform temperature, either by water or earth on the other side, 
there is very much less danger of cracks. 

Where a floor is built around machinery foundations, fre- 
quently a long span and a short span beam come close together. 
Unless provision is made for a joint between them, there is 
certain to be an unsightly crack, due to the difference in deflection 
under the same load. 

Another important question that must be taken into con- 
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sideration in the design is whether a granolithic floor is to be 
laid as an integral part of the construction, or as a second opera- 
tion, and if so, what its thickness shall be. For economy’s sake, 
both in materials and in labor, it is cheaper to put on the finish 
with the construction. Under these conditions, it is frequently 
impossible to keep off the floor long enough for it to harden 
sufficiently to prevent its being somewhat marred. If this is a 
serious objection, the finish must be put on as a second operation. 
As this does not bond sufficiently with the floor to be considered 
a unit, the construction should be thick enough to carry the 
load without any assistance from the finish. If the finish is 1 in 
thick, it is almost safe to guarantee that it will loosen in spots, 
whereas if 2 in. thick it is safe to guarantee it as solid and satis- 
factory. This adds to the dead weight and to the expense. It 
is necessary to settle these points before construction begins in 
order to secure the minimum of cost and the maximum of efficiency, 
since it influences the cost of forms and the conduct of the work. 

The cleaning and the finishing of the exterior of a building, 
according to the type of finish specified, whether it is left as it 
comes from the molds with just the bad places rubbed up, or 
whether it is to be tooled or plastered, will in some degree affect 
the design of forms, and, therefore, must be considered before 
work is begun. 

Because concrete is a plastic material cast in place, and 
because the molds can be made of any design, engineers seem 
to feel that there is no necessity for holding to standard sizes 
for the members of a concrete structure, as they do when designing 
in steel. An engineer can, however, use quite an amount of 
thought to good advantage in the selection of sizes, as the par- 
ticular dimensions which best satisfy his designs will quite often 
not be the most economical. In one building of large size, in a 
single floor there were in the original design received 455 different 
sizes and styles of beams. The designing department of the 
writer’s company found it possible, without impairing the result 
to be accomplished, to reduce these to less than a tenth of the 
original number, and by coéperation with the engineers finally 
succeeded in reducing the number to 52. 

The question of change of size of columns in every story, 
or once in 2 or 3 stories, is one of cost. The expense of changing 
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the forms is usually greater than the cost of concrete saved on 
small columns where the reduction is less than 3 in., and on large 
columns where the reduction is less than 2 in. Therefore, it is 
not often economical to change the size every story. Often 
when the column is reduced it is desirable to use a head having 
the size of that of the lowest story columns in order to avoid 
the expense of splicing out beam and girder sides and bottoms. 
Sometimes when the upper floor has a lighter load than the 
lower, it would be possible to redvce the size of the beams. 
Economy dictates that the depths may be reduced but not their 
width, because this would require splicing out all the floor 
panels and joists, the cost of which is more than the value of the 
concrete saved. 

Uncommon Features.—The frequency of uncommon or special 
features in a lower floor, and the certainty that the basement 
story height is less than that above, adds to the cost of form 
work. This occurs at a time in the process of construction 
when new lumber must be cut up although it could be advanta- 
geously used in long lengths on upper stories. If it cannot be 
used again, it has to be remade, and the remaking of second- 
hand lumber into new shapes is more expensive than using brand 
new lumber. 


SELECTION AND PURCHASE OF MATERIALS. 


The purchasing department is also quite busy, beginning 
before any work is done at site of building, and always keeping 
away ahead of construction requirements. As stated above 
under the head of contract, the contractor is very largely a 
broker buying materials to be incorporated in a building. Some 
materials are easy to buy, others require a detailed knowledge 
of the materials themselves and also of the estimate and contract 
and the relation of one class of material to another. There is, 
therefore, a distinction made, classifying the simplest articles 
and duplicate orders as routine buying, the others as experienced 
buying. Some routine buying can best be done at the job and 
some from the main office of the company. There has been 
compiled a complete list of all materials which enter into a job, 
and then it must be decided which of the routine items can most 
advantageously be bought by the main office and which by the 
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job superintendent, and written instructions are prepared for 
these items. This table gives in the first column the list of 
materials, in the second the usual time which it takes to obtain 
these after placing the order, in the third column some explanatory 
notes giving necessary information, and in the fourth the time 
after contract is awarded at which information should be received 
in order to deliver completed building on time. This time 
assumes that the ordinary four-story mill building will be com- 
pleted ready for delivery in four months from award of contract. 
On this list the great majority of items require information within 
one week, a few in 2 weeks, and the latest must not be delayed 
more than a month from award of contract, if the probability 
of delay is to be avoided. It appears strange and engineers 
have been surprised when we have asked for full-size window 
details before the footings are in place, but when it is realized 
that from 7 to 10 weeks are necessary if the minimum price 
combined with quality is to be obtained, it will be seen that this 
request is not unreasonable. 

The selection of aggregate for a job in a new locality is often 
a problem. A decision has to be made before the final design 
of mixing plant and its location can be determined because team 
and railroad deliveries will be at different places. The pur- 
chasing department never buys an unknown sand until it has 
been thoroughly investigated by a testing laboratory, although 
this may cause an annoying delay. The tests continue at inter- 
vals throughout the progress of a job. The steel is taken from 
the plans by one man and checked independently by another. 
This schedule is then studied with a view to reducing the variety 
of lengths, which is frequently as much as one-fifth of the number 
shown on the plans. 


MANAGEMENT OF CONSTRUCTION. 


In the general management of the construction operations 
the writer’s company has made radical changes from customary 
practice in the erection of reinforced concrete buildings. As 
a result of the introduction of the methods described below, 
the labor cost of making, erecting and removing forms, which 
is one of the largest items of expense in a reinforced concrete 
job, has been reduced during the past 4 years over 30 per cent. 
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the forms is usually greater than the cost of concrete saved on 
small columns where the reduction is less than 3 in., and on large 
columns where the reduction is less than 2 in. Therefore, it is 
not often economical to change the size every story. Often 
when the column is reduced it is desirable to use a head having 
the size of that of the lowest story columns in order to avoid 
the expense of splicing out beam and girder sides and bottoms. 
Sometimes when the upper floor has a lighter load than the 
lower, it would be possible to reduce the size of the beams. 
Economy dictates that the depths may be reduced but not their 
width, because this would require splicing out all the floor 
panels and joists, the cost of which is more than the value of the 
concrete saved. 

Uncommon Features.—The frequency of uncommon or special 
features in a lower floor, and the certainty that the basement 
story height is less than that above, adds to the cost of form 
work. This occurs at a time in the process of construction 
when new lumber must be cut up although it could be advanta- 
geously used in long lengths on upper stories. If it cannot be 
used again, it has to be remade, and the remaking of second- 
hand lumber into new shapes is more expensive than using brand 
new lumber. 


SELECTION AND PURCHASE OF MATERIALS. 


The purchasing department is also quite busy, beginning 
before any work is done at site of building, and always keeping 
away ahead of construction requirements. As stated above 
under the head of contract, the contractor is very largely a 
broker buying materials to be incorporated in a building. Some 
materials are easy to buy, others require a detailed knowledge 
of the materials themselves and also of the estimate and contract 
and the relation of one class of material to another. There is, 
therefore, a distinction made, classifying the simplest articles 
and duplicate orders as routine buying, the others as experienced 
buying. Some routine buying can best be done at the job and 
some from the main office of the company. There has been 
compiled a complete list of all materials which enter into a job, 
and then it must be decided which of the routine items can most 
advantageously be bought by the main office and which by the 
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job superintendent, and written instructions are prepared for 
these items. This table gives in the first column the list of 
materials, in the second the usual time which it takes to obtain 
these after placing the order, in the third column some explanatory 
notes giving necessary information, and in the fourth the time 
after contract is awarded at which information should be received 
in order to deliver completed building on time. This time 
assumes that the ordinary four-story mill building will be com- 
pleted ready for delivery in four months from award of contract. 
On this list the great majority of items require information within 
one week, a few in 2 weeks, and the latest must not be delayed 
more than a month from award of contract, if the probability 
of delay is to be avoided. It appears strange and engineers 
have been surprised when we have asked for full-size window 
details before the footings are in place, but when it is realized 
that from 7 to 10 weeks are necessary if the minimum price 
combined with quality is to be obtained, it will be seen that this 
request is not unreasonable. 

The selection of aggregate for a job in a new locality is often 
a problem. A decision has to be made before the final design 
of mixing plant and its location can be determined because team 
and railroad deliveries will be at different places. The pur- 
chasing department never buys an unknown sand until it has 
been thoroughly investigated by a testing laboratory, although 
this may cause an annoying delay. The tests continue at inter- 
vals throughout the progress of a job. The steel is taken from 
the plans by one man and checked independently by another. 
This schedule is then studied with a view to reducing the variety 
of lengths, which is frequently as much as one-fifth of the number 
shown on the plans. 


MANAGEMENT OF CONSTRUCTION. 


In the general management of the construction operations 
the writer’s company has made radical changes from customary 
practice in the erection of reinforced concrete buildings. As 
a result of the introduction of the methods described below, 
the labor cost of making, erecting and removing forms, which 
is one of the largest items of expense in a reinforced concrete 
job, has been reduced during the past 4 years over 30 per cent. 
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The task has been no small one and is not yet completed. It 
has involved, as essentials, thorough study of the plant layout, 
the establishment of standard methods of construction, design 
and operation, the making of detail plans for forms, the routing 
of the men and materials, and the establishment of a task and 
bonus system arranged to give the workmen an appreciable in- 
crease in pay for speedy and accurate performance. The new 
methods have paid from both the standpoint of the contractor 
and of the owner, permitting smoother operation in the work, 
and, after making full allowance for increased over-head charges, 
materially reducing the unit costs. 


PLANT. 

The study of the amount and location of the mechanical 
plant must be made immediately after the contract is awarded 
if work is to be started promptly, as part of it must be put into 
operation with the very beginning of construction. As consider- 
able depends upon the amount, design and promptness of delivery, 
as far as economical construction goes, the best thought of the 
whole organization is given to the subject. For instance, one 
of the younger men made a study for a large job on basis of one 
story erected each week. To obtain this rate one mixer and two 
stories of forms more were required than if the progress was 
slowed down to a story in 9 working days. Such speed was not 
demanded. A conference of all corrected the first study at an 
estimated saving in cost of about $10,000. 

The size of the mixing plant is determined by the quantity 
of concrete to be mixed for the entire job, the time allowed by 
the contract for mixing, and the maximum quantity required 
in a single day. Usually this can be accomplished with one 
mixer, taking as a charge a barrel of cement and aggregates in 
any proportion. 

The method of distribution of concrete through the building 
requires some consideration. If a building is compact and large 
masses are placed within a limited area, spouting is desirable. 
If the building is spread out and quite small quantities of concrete 
are placed, two-wheeled push carts are used, while if large quan- 
tities are required over quite an area, industrial tracks laid on 
horses and elevated about 18 in. above the forms are run over 
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the latter to distribute concrete a batch at a time. The amount 
of track, the number of curves and switches, number of cars 
and all the minor items down to the last bolt must be carefully 
determined at the very outset in order to save delay in erection. 

There are standard lists of small tools compiled for quick 
use for jobs of various sizes and characters, so that it is merely 
necessary to call for schedule 6 or whatever it may be, to start 
work. 

The method and equipment for handling excavation must be 
settled at the earliest stage in the discussion of plant. 

Staging.—A frequent cause of injury to workmen is the 
breaking of stagings on which they are at work, and the writer 
believes that this is due to leaving the design and erection to 
the workmen themselves. Although there may be a large 
quantity of excellent material ready at hand, it is not uncommon 
for workmen to pick out inferior stock for building a stage. To 
avoid these difficulties, the principle has been adopted of design- 
ing all stagings in the office for any important work. The stage 
is laid out, giving dimensions and spacing of lumber, the sizes, 
number and location of nails; whether the stage is to be built 
from the ground up, whether it is to be a cantilever from an upper 
story window, or a swing stage hung by ropes from the roof. 
The plan states the maximum safe load which it is permitted 
to carry. Material is selected for the workmen, and before any 
are allowed to use it, its construction is inspected either by the 
superintendent or by his authorized representative. In this 
way as much safety is insured the men as the nature of the under- 
takings will permit. The men work with assurance of safety 
and therefore ultimate economy results. 


ORGANIZATION OF JoB ForRCE. 


After the job superintendent is determined upon, he is taken 
into consultation for every other step that follows. The selec- 
tion of all his subordinates is made in coéperation with him,- 
the assistant superintendent, clerical force, carpenter, labor, 
concrete, steel and other bosses; the principal mechanics and 
even the leading laborers are all selected in advance from among 
those working on other jobs. The superintendent, where pos- 
sible, is given at least one week to study plans and specifications 
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in coéperation with his principal assistants and the office force, 
before anybody appears at the site of the work except for the 
mere purpose of studying local conditions. By this time a well- 
defined plan has been worked out as to the sequence of various 
operations, the kind and amount of mechanical plant, and its 
location; schedules of the materials first needed have been made 
and orders placed, so that by the time actual operations begin 
in the field the plans are so matured that there are few false 
moves. The peak of the superintendent’s load is the first few 
weeks during the organization and starting the work. During 
this period he should have his full executive force, although each 
subordinate may not at that time be doing nearly as much as he 
later will be called upon to do. 


PLANNING, RoutinG AND Cost ACCOUNTING. 

During the early stage of actual construction, the superin- 
tendent makes a careful study of the handling of the work from 
the beginning to the very end, making a detailed schedule of 
work along the general lines previously determined in the office. 

The job office work is in charge of a chief clerk, who in 
addition to overseeing the work of the material clerk and time- 
keeper, has also charge of the cost-keeping. The timekeeping 
methods were described fully in a paper by the writer entitled, 
“Cost of Concrete Construction as Applied to Buildings,” 
published in the Proceedings of the National Association of 
Cement Users, Vol. 5, 1909, page 38; and that method is carried 
out on all jobs at present. 

The foremen take a particular interest in cost diagrams, 
as it is natural to suppose they would. Figures meaning a little 
larger or smaller cost convey some idea, of course, but the fore- 
men very easily grasp the meaning of a line traveling above 
or below a red desired cost line. Keeping the foremen keenly 
alive to the cost of the work they are doing has not been, so far 
as can be seen, detrimental to their turning out good work. It 
should always be accompanied, however, by more rigid inspec- 
tion in the first instant, and explained so that they may definitely 
understand that any lowering of cost shall be considered detri- 
mental to their interest, unless the quality remains equal to the 
standard. 
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The execution of a job is divided into two departments,— 
the planning and routing, and the operating, the former being 
in charge of a man conversant enough with our standard methods 
to plan carefully the different steps of the work and say what to 
do, while the latter is placed in charge of a practical man of 
experience, whose duty it is to tell how the work should be per- 
formed. Work carried on in this way requires the men to receive 
orders from two foremen. There is, however, very little trouble 
encountered by reason of this, as the routing foreman remains 
in a field office and gives instructions wholly on written slips, 
and instructs only as to what shall be done. The operating 
foreman has direct charge of the handling of the labor, to make 
sure that the work is being done in the proper manner, both as 
regards safety, appearance and economy. 

The form work, under older method of management, was 
the most difficult to efficiently organize and systematize, and, 
therefore, this was the first to receive attention under the present 
system of planning and routing. It was found that this class 
of work was very easy to systematize, and with much effective- 
ness, more so than the handling of concrete or of steel reinforce- 
ment, although these, to a lesser degree, have been brought into 
the system. 

The method of task and bonus pay is frequently followed 
on work, and by means of data previously obtained it is possible 
to ascertain very accurately what the best time should be for 
doing any particular piece of work. For this tasked time an 
increase of from 25 to 30 per cent over the usual hourly wage is 
paid. In the erection of the forms a similar method is followed. 
All material is moved from the stock piles to the point of erection 
by common laborers, under the leadership of an efficient moving 
foreman. The foreman receives all instructions on a written 
slip. The planning department is able at all times to make sure 
by so doing that the carpenters have the material they want, 
when they want it, and where it will be most convenient for 
their use. No carpenters are allowed to carry lumber, but are 
restricted to really doing carpenter work. 

On the erection of the posts, girts and joists, to support the 
floor panel forms, instead of erecting each post separately and 
then putting the girts on top of these, they are assembled as 
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frames in a horizontal. position and erected in large units, much 
in the same way that a frame house is erected. The work is 
done by one carpenter with the help of three good-laborers. The 
work which the steel and concrete gangs do is planned by the 
routing department, but not in quite so much detail as is the 
‘vase with the form work. The saving which is effected in the 
concrete work is due to the fact that this planning of the whole 
job gives in advance fairly accurate information as to just what 
will be required of the concrete gang each day, and by canvassing 
the whole job for miscellaneous work, which it can do when not 
concreting, its efficiency is quite materially increased. 

From a study of what precedes, it will be seen that, if every 
class of labor obeys orders and there is an ample supply of 
materials, with no lack of information as to the requirements 
for future work, there will be obtained a smooth running clock- 
like system resulting in greater economy than is possible by 
any other method. This system requires about one boss to 
not over 6 or 8 men, yet enough work can be obtained from 
these to more than make up the unproductiveness of the bosses 
not working with their hands. 

A slip in any action, or lack of information from the en- 
gineers, non-receipt of materials, or trouble with the labor, is as 
disastrous to the successful operation of the system as is the 
fumbling in football of a forward pass from the quarter ack 
by the runner. The coédperation of the engineer is, therefore, 
mest earnestly desired to give full information long in advance 
of its actual use, in order to prevent any break in the smooth 
operation of the system. 

In spite of the fact that the wages of carpenters have nearly 
doubled in 20 years, while the quality and intelligence of those 
who do the work is less (because house and finish carpenters 
will not do this kind of work as formerly), and in spite also of 
the great advance in the price of lumber with a falling off in 
quality, the unit costs obtained by the above system are materially 
lower than when the job superintendent was left to himself. 
The total gain in efficiency is about fourfold. 
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NOTE. 
Pages 385 to 512 may be found in the 


JOURNAL OF AMERICAN CONCRETE INSTITUTE, 


Volume II, Numbers 6 and 7. 
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DISCUSSION. 


Mr. FrepERICcCK Woop* (by letter).—Our experiments have 
extended over such a brief period that the results obtained are 
insufficient for drawing conclusions. 

We have made a few posts of the designs shown in Fig. 1, 
using a good concrete mixture, and reinforcing principally with 
scrap signal wire, and in some instances with other serap rods 
convenient for the purpose. Some of these posts have been in 
use for a year or more, while others have been installed more 
recently. Up to the present time none has shown an inclination 
to disintegrate, and, in so far as we are advised, none has been 
broken in any way. 

Our New York Division estimates the approximate cost of 
wooden posts at 25 cents each, and as the life of the same amounts 
to but few years, we are of the opinion that the concrete posts 
will be very much cheaper in the end, as once set in the ground 
they will last almost indefinitely, unless broken by some unusual 
exterior force. 

As you will observe from Fig. 1, we have designed some of 
these posts to carry commercial wire fencing of different makes, 
stretched single wires, and in one instance to carry wooden rails, 
the latter having been designed for use at points where a little 
additional ornamentation was desirable. As a result of our 
further experience we may abandon some of these designs entirely, 
end in other instances we may revise them to meet such require- 
ments as may be developed by further use of the posts. 

Mr. W. C. Cusninet (by letter).—At the September, 1910, 
meeting of the American Railway Engineering Association, a 
report on reinforced concrete fence posts was adopted, the recom- 
mendation reading as follows: 

“In view of the present general use of the D. and A. post molds, the 
satisfactory results obtained with them, the desirability of using on all 
divisions, posts of a uniform design, and the advantage of the interchange 

* Assistant Engineer, Pennsylvania Railroad, Broad Street Station, Philadelphia, Pa. 

+ Chief Engineer of Maintenance of Way, Pennsylvania Lines, Pittsburgh, Pa. 
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FIG. 1.—TYPES OF REINFORCED-CONCRETE FENCE POSTS, PENNSYLVANIA RAIL- 
ROAD—NEW YORK DIVISION. JANUARY, 1913. SCALE, 4 IN. =1 FT. 
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of information and experience as to the methods of using them, your com- 
mittee recommends that the D. and A. post molds be used by all divisions 
desiring to make concrete fence posts, until some other type of post or mold 
shall be designed which will be more satisfactory.” 


Since this report was made and up to August 1, 1912, there 
were ten divisions on the lines west of Pittsburgh and affili- 
ated lines using concrete fence posts, the number on the divisions 
varying from 220 to 7,600, the total number of line posts in service 
being over 25,000. 

On every division, except one, the D. and A. type of mold 
was used in manufacturing the posts, the exception being the 
Indianapolis Division, where 220 staple concrete posts, manu- 
factured by the Never-Rot Post Company of Westerville, Ohio, 
were in service. Twenty thousand concrete posts have been in 
service from 1 to 2 years. Five thousand on the Cincinnati 
Division have been in service since April, 1908. The details of 
the manufacture have been practically the same, but the rein- 
forcement has varied, being 3-in. No. 18 gage, hoop steel, and in 
a few posts old barbed wire. 

After these posts had been in service a year, it was discovered 
that with the ground frozen, it was possible to crack some of the 
posts at the ground line by simply pushing against them. It 
was also discovered that several posts had broken at the ground 
line on account of cattle rubbing against them. It is evident that 
these cracks will open up and allow water to filter into the post, 
with the probable result that in a short time the reiaforcement 
will be rusted away, causing total failure. Upon further investi- 
gation it was found that the reinforcement, in a great number 
of cases, was not properly placed, thereby weakening the post, 
and it is now felt that with the class of labor used in the manu- 
facture of the posts and the method of forcing the reinforcement 
into place, it is practically impossible to secure the proper final 
position of the reinforcement. The committee has decided that 
the only certain method of securing the reinforcement in the 
proper position is to use a wire separator of some form, thereby 
holding the rods in a certain relation to one another. To this 
end they have arranged to have several posts made at the Ger- 
mantown Pit, on the Indianapolis Division, using wire for rein- 
forcing, which seems to give better results than strap iron, and 
using a small wire separator which will retain the wires in a pre- 
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determined position. When these posts are made they will be 
put in service and a report will be made to the Association. 

During the years 1911 and 1912, 8,000 line posts, 300 end 
posts and 200 braces were manufactured on the Indianapolis 
Division at the Germantown Pit, the cost of the line posts being 
about 22 cents apiece, the end posts 70 cents, and the braces 
75 cents. The costs of the end posts and braces were excessive, 
due to the small numker made, and it is hoped to decrease the 
cost of the line post, since a rearrangement of the plant has been 
made. Most of these posts are shipped to other divisions and 
the results obtained with them will be included in the final report. 

We are also considering other designs of reinforcement for 
concrete fence posts, but in each case they are of recent origin and 
it is too early to attempt to draw any conclusions. We do not 
feel that we are yet ready to favor any particular design of rein- 
forced concrete fence post over a good wooden post, such as 
locust. 

Mr. P. H. Atwoop.—If we could adopt a standard test for 
posts to which all could work, it seems to me it would be a good 
plan. 

Mr. A. M. Smitru.—I have made and tested different posts, 
but it is difficult to reach any definite conclusions on the subject; 
however, I am convinced that it would be a good thing if we could 
adopt specifications. I think at the present time the more 
important question is the amount, the size, the placing and the 
cost of the reinforcement in a post. I would suggest that through 
a better understanding of the details of construction of a good 
post, we will be better able to agree upon a specification. 

Mr. R. B. BENNETT.—Mr. President, all of us are interested 
in the cement post, and our principal interest should be in making 
a good post regardless of cost. We should use the same reason- 
ing and the same judgment as in any other problem we might 
have to solve. When we make an inferior fence post, one that 
will not stand as it was intended it should, then everything is 
lost. I think we should all agree to see not how much cheaper 
but how much better we can niake a post. Now, it is necessarily 
essential to consider the shape of the post, when considering what 
kind to make. It was stated that the post of triangular section 
was inferior, because of its shape and the way in which the rein- 
forcement will break. This may be true, to a certain extent, 
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but the discussion in the letters read from Messrs. Wood and 
Cushing, of the Pennsylvania Railroad, answers that argument. 
When this reinforcement is properly spaced and tied together, 
it is an entirely different proposition; and besides, in the tri- 
angular post, there is quite a saving in labor and in weight, and 
therefore the post can be furnished the consumer at a lower cost. 
One of the great hindrances to the advancement of the concrete 
post business has been the fact that the cement manufacturers 
have sent literature all over the country in which they show the 
farmer how he can make all the posts he needs with home-made 
wooden molds. The farmer will make the concrete of any sand 
available (one that may be full of dirt), use an insufficient quantity 
of cement and a little barbed wire. When he stretches the wire 
fencing the post breaks, and then he condemns the concrete post. 
The United States Government also has been sending out similar 
literature broadcast; that some of those men in the city of Wash- 
ington do not know anything practically about a fence post, is 
proven by their arguments. This kind of publicity is wrong and 
is hurting the post industry. What we want is a fence post that 
will stand, regardless of the cost; then we have placed the post 
question upon a sound foundation. 

PRESIDENT HumMpurREY.—Those who ride on the Pennsyl- 
vania Railroad between Philadelphia and New York will notice 
that the right of way is almost entirely lined now, and I expect 
that in a short time will be entirely fenced with concrete posts. 
The engineers in charge of that work are very much pleased and 
have no unfavorable comments to make. I understand that some 
of these posts were made at a cost as low as 21 cents, and although 
this cost exceeds that of wood posts, the durability of the former 
as compared with the latter, would more than justify the use of 
the concrete post. I would like to ask if any who are interested 
in the concrete post can give some little idea of the range in price 
at the present time. I hope they will not try to put the price 
too low. 

Mr. Smitru.—Mr. President, it has been my experience in 
getting around over the country that the average man who makes 
his own fence posts makes them for something above 20 cents, 
usually between 20 and 25 cents, and sometimes up to 28 cents. 
I think sometimes the size of the fence post is a little too small. 
We are a little too sparing of the concrete. The concrete is not 
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very expensive and there is not very much objection to the weight. 
I like a good, heavy concrete fence post, beeaus when you place 
it in position the weight is a big advantage __I think it is a mistake 
to make the cost of the fence post too low. The average man will 
expect to get his cost down and will frequently skimp in some 
way or other. It must be impressed upon the people that the 
concrete fence post is a permanent improvement and adds so 
much additional fixed value to the property, if you build your 
post right, 7. e., use enough cement, good aggregate and proper 
reinforcement. There is no doubt that the concrete fence post 
is an improvement. But if you make them improperly you are 
going to have failures and it is the failures that hurt the business. 
I think there is no better way of advertising the concrete fence 
post and of getting it before the public than by getting the rail- 
road companies to use concrete fence posts along their right of 
way, because everybody traveling on, and everybody living along, 
the railroad will study those posts and observe how they stand 
up; and you can depend upon it that there will soon be a market 
for concrete fence posts in the vicinity of that railroad line. As 
a last word I say do not be sparing of the materials, use plenty 
of good material, use plenty of reinforcement and use some brains 
in building the posts. Some people have an idea that you can 
place the reinforcement in the center of the post. Sometimes you 
will find all the reinforcement in one side of the post. Therefore, 
I say let us put a little more brains into this post business with 
plenty of cement and other proper materials. I am sure that 
the cement-post manufacturers are more vitally interested in 
this than almost anybody else. They are very much interested 
in seeing that the concrete post is made right, so that this business 
will boom. There is nobody more interested in this than the 
cement manufacturers. 

Mr. W. F. Tupesinc.—The concrete fence post is merely 
a cantilever beam. To determine the proper amount of rein- 
forcement you have to study the side from which the load is 
going to be applied; that is, if the load is going to be applied 
from three main sides or from four sides; from the road side and 
from the farm side, if your wire is correctly placed along the line 
of the fence your pull will be the same in both directions, so you 
would only have to measure your reinforcement in a line per- 
pendicular to your wire; you can determine exactly how much 
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cross-section of concrete you need to take the compression, and 
also the amount of the reinforcement, which would not have to 
be large, because the post is not high. So that you can absolutely 
determine what strength you will obtain with various reinforce- 
ments of steel. 

Mr. Bennetr.—The pulling test is not a true test. If you 
make your post strong enough to stand as a fence, that is all that 
is necessary. What we want is a post strong enough to stand any 
wire or board fence that might be placed upon it. We have been 
in the post business since 1903, and we have thousands of our 
posts in use throughout different states. As far as I know but 
one post broke and that was above the ground line. There may 
be others, but we have never had a complaint that a single post 
has broken off at the ground line. A big horse plunged against 
and broke off the post I refer to. We use good, clean stone and 
sand, half and half, and 1 part cement to 3 of the aggregate. 
Where there is good, clean gravel, we use 1 of cement and 3 of 
gravel. The material must be clean, absolutely so, and you 
must use sufficient cement to get proper results; and you must 
have the reinforcement properly placed in the post. We cannot 
rely wholly upon the strength of the cement to give strength to 
the post. It is the reinforeement—the backbone of the post— 
that gives it its strength. A good cement post that will stand, 
as Mr. Smith says, can he produced for about 20 to 22 cents in 
this locality. Of course, in the western states, where the cost of 
material is higher, the price will be greater; in some localities 
posts are being produced even as low as 16 or 17 cents—posts 
that will stand any fence you want to put upon them. 

Mr. G. H. Dovucuerty.—The size of the post and determi- 
nation of its strength are mostly matters of opinion. As regards 
the amount of reinforcement, for instance, that can be deter- 
mined by a series of small tests to see which is the most economical 
for a certain sized post. The ordinary concrete post is not nearly 
as strong for its size as the average wooden post, nor need it be, 
for the reason that the wooden post begins to deteriorate from 
the time it is set, while the concrete post, both theoretically and 
practically, grows stronger. There is such a thing as a post being 
so strong as to withstand the maximum load that will ever be 

pplied to it. Still, there is a way of getting it strong enough, 
or a little over the average strain that will be applied to it, at an 
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economical cost. A person had better have a few posts fail once 
in a while than to have them all excessively strong and have a 
high cost. One inclination has been, not to use the concrete 
post on account of its cost being so much more than the wood 
post; if they can be produced and placed on the market at a cost 
that will compare favorably with the wood post their use will be 
greatly increased. 

Mr. C. K. Arp.—I do not know much about fence posts, but 
I would like to know if anybody can tell how much strength is 
necessary in a fence post and whether or not the fence posts which 
are made from molds now in the market have been designed to 
meet that requirement? 

Mr. Smitru.—I have had occasion to use such information 
as Mr. Arp is seeking but I have never been able to find it. The 
fence-post business does not seem to be on an engineering basis. 
Even with the wood post it is not a matter of size, it is largely 
a matter of what will do the work. In some parts of the country 
you will find that they use the little Osage orange. stakes, not 
much larger than broomsticks (maybe only a couple of inches 
in diameter), as hitching posts, and they give satisfaction. So 
many factors enter into this that it is just a matter of cut and try 
whatever will suit the case. And as for the required strength of 
the post, somebody has stated it as the resistance to a charging 
bull. To design a post to stand the charge of a bull would make 
an unnecessarily large post. You had better have a post break 
off now and then than design all your posts of that size. Never- 
theless, I would not want to give the impression that the post 
should be made small, because it should not. It should have 
good size and if anything, should be rather too large than too 
small. 

A Guest.—Some comments have been made which are very 
practical; one is as to the matter of the cement companies 
trying to show the farmers how-to make their posts; and the 
government sending out information in regard to making fence 
posts. I have seen a good many fence posts; those made by 
farmers have always been a failure. When the fence-post busi- 
ness gets on a commercial basis and there are manufacturers who 
spend money in making good posts, then there will be something 
in the business, both for the cement manufacturers and for the 
post manufacturers. I live near a government reservation of 
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twenty-four sections of land. This land has been fenced with 
posts made according to government instructions. <A_ large 
number of concrete fence posts has been made and placed; some 
were reinforced with a few barbed wires and some with about 9 
galvanized wires. These posts are all breaking off at the ground, 
and it is hurting the fence-post: business. The surrounding 
farmers and other people that have seen them say those fence 
Look at the government reserva- 


ee 


posts are no good. They say, 
tion posts made according to the government specifications, they 
do not stand up.”’ Now they think when a thing is done accord- 
ing to a government specification it ought to be good, whereas 
in this case it is a failure. Fence posts must be made right. 
You must have the right mixture, good cement and good, clean 
sand and aggregate, whether it be gravel or crushed stone, and 
thoroughly mixed in such a way that every particle of that aggre- 
gate is coated with the cement. But the greatest thing of all, 
in my estimation, is the amount and kind of reinforcement that 
is used in the posts. If you do not use a sufficient amount of 
proper reinforcement you are not going to have a good post, that 
will have stability and will stand up. 

Mr. DovuGuertry.—I would like to ask the gentleman in 
what way these concrete posts have failed. 

A Guest.— All around the tract that I speak of about every 
third post is broken for some reason or other; possibly the mix- 
ture was not right, not the proper aggregate in it to make a good 
strong post, or there was not enough cement used. 

Mr. DouGuertry.—-Failures occur either by the post break- 
ing apart, because you have not enough reinforcement, or by the 
concrete crushing on the side opposite the reinforcement. There 
is such a thing as a limit of reinforcement in a certain sized post; 
below and above that limit you have an uneconomical post, 
because the cost increases much more than the strength will 
increase with the additional reinforcement. There have been 
many that talk failures in concrete posts but they do not know 
how they failed. People are generally quite satisfied with con- 
crete posts but they are always looking for the best one and put- 
ting off using them, waiting for somebody else to do so. A large 
number of perfectly satisfactory posts have been made and | 
believe that the poorest is at least as good as the average wooden 
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Mr. WituiaM M. Kinney.—Several remarks have been made 
regarding the unsuitability of Bulletin 403 of the U. 8S. Depart- 
ment of Agriculture entitled ‘‘The Construction of Concrete 
Fence Posts,” and publications of various cement companies on 
the same subject. It occurs to me that if there is any misin- 
formation contained in any of these publications the previous 
speakers should by all means inform those who have prepared 
these books. There is no reason, however, why the average 
farmer cannot make his own posts although they might be better 
made in a well managed concrete products plant. There are so 
many locations where it is not possible to buy posts that farmers 
must make them or go without. 

Mr. DovuGuertry.—I think one of the complaints has been 
that the posts as a rule have been made with a dry mixture that 
had to be tamped. My experience has been that it is almost 
impossible, using a dry mixture to keep reinforcement that does 
not have a mechanical bond, from slipping through the concrete; 
with a wet mixture I do not think there is any possibility of 
slipping. I am sure plain reinforcement is used in many struc- 
tures in which very little attention, if any, is given to the matter 
of bond. In the average post the distance from the top of the 
post to the ground line would be about 2 ft., so that for a wet 
mixture and any reasonably sized reniforcement there would be 
more than enough bond to pull that steel in two; if there is not 
enough bond there is something wrong either with the aggre- 
gate, or the cement. But with a dry mixture that will allow the 
removal of the form as soon as the post is molded, there is not 
enough bond to keep plain reinforcement from slipping. 

Mr. SmituH.—There is one cause of failure that is often 
overlooked, and that is the too early handling of posts after they 
have been molded. Until they have attained strength they 
should be handled very carefully. Sometimes you see men haul- 
ing them out to dry and piling them up the same way they handle 
wood posts. They throw them on the ground which we all know 
is not a good thing to do. It may start a very little crack which 
eventually may open and be called a failure. You must not 
handle the concrete fence post like a wood post, because it has 
not the same flexibility, especially just after it is made. It must 
be handled very carefully until it is say 28 days old. It is much 
better where it is allowed to stand 2 or 3 months before it is used. 
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Mr. BenNetTr.—Unless the concrete post gives good results Mr. Bennett. 


in service it will not be used. The gentleman who has referred 
the problem of making good posts back to the post-mold man to 
see where the trouble is, has offered a very good suggestion. As 
to the proper reinforcement, we believe that any deformed bar 
will hold the concrete much better than a smooth bar. We 
have tried smooth wire, and have had to bend the ends of this wire 
to keep it from slipping when put to a certain test, but when we 
used a deformed bar, there was no slipping whatever. There 
@re various types of deformed bars on the market which are very 
good. We find the quarter-inch twisted square is preferable, 
because it makes a better bond than the heavier bar and gives 
a stronger reinforcement than the plain bar. I think the gentle- 
men who publish this literature should be very careful in their 
instructions. I have seen, a number of times, printed instructions 
to make a post of 1:3 :5 mixture; that is, 1:8, and pack it 
into wooden molds. An illustration is given of a wooden mold, 
and the mixture being tamped, thus showing the farmer how to 
make posts. The farmer can make a good post, it is true. The 
farmer wants a good post, but he has tried it so often and met 
with failure that he is almost discouraged with every type of 
fence post. When we can produce a good post at as low a price 
we will place this business on a proper foundation. 

Mr. Arp.— Your Committee on Cement Products has been 
asked to draft a specification for fence posts. Now we can test 
every fence post there is made, and if we get 600 lb. or a 1,000 Ib. 
on the flexure test, what do we know? What we want to know is, 
what the requirements are as to shape and as to the reinforce- 
ment. Now what is necessary to answer these requirements? 

PRESIDENT HumpurEY.—The Pennsylvania Railroad investi- 
gations are the kind that are going to give us the data we want. 
For instance, the posts shown in Fig. 1 vary in cross-sectional 
area from 17 to 39.75 sq. in. at the base, and from 5.56 to 27.5 sq. in. 
at the top; the reinforcement also varies as to kind and amount. 
From those posts we are going to obtain some idea as to the 
average conditions of service. The extreme conditions, as for 
example a horse running into a fence, are not those for which 
you must design a post, because you must expect that any mate- 
,al will be broken by some extreme force. If I am not mistaken 
rhe American Railway Engineering and Maintenance of Way 
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Association has a committee that is studying the strength of posts. 
If the members will send Mr. Arp, the chairman of the Commit- 
tee on Cement Products, any information that they may have 
on the question of tests that have been made and suggestions as 
to the specifications, it will aid his committee in arriving at 
recommendations, which I hope it will be able to make at our 
next convention. 

Mr. Arp.—I do not know whether I have a right to make 
the statement but I happen to be co-operating with the American 
Railway Engineering and Maintenance of Way Association in 
making tests on concrete fence posts. We have designed an 
apparatus for making these tests, and have received 100 posts 
at our laboratory; I venture to say that when we get through we 
will know no more about the matter than we do today. 

PRESIDENT Humpnurey.—lI am sure the chairman is pessi- 
mistic. I, for one, am not willing to accept that statement. Tests 
may not develop all the facts, but they must develop the fact 
that one type is better than the other; and we want the com- 
mittee to tell us which type is best; we do not want it to give us 
an ideal indestructible post, because that is impossible; but we 
do want it to say which post is best. 

Mr. Smiru.—It seems to me we are all inclined to be unduly 
critical and not look at the conditions as they really are today, 
which I am satisfied are very favorable for the concrete post, 
whose development I believe is quite satisfactory. We do not 
have to look very far to find users of concrete posts, on the farms 
or along the railroads, who are quite well pleased. In communi- 
cating with users of posts and in watching work in which large 
quantities of posts are used it is really interesting and _ pleasing 
to note that the concrete post is being taken at its face value 
and is proving satisfactory. 

PRESIDENT Humpurey—I think that the friends of the con- 
crete post need not enter into any lengthy defense of it. From 
the fact that the railroads are adopting it and that you can see 
posts all over the country, it is evident that this material is here 
to stay and must be provided for by specifications. 
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Mr. D. A. ABrams.—The diagram on page 437 from another Mr. Abrams. 
series of tests made at the University of Illinois, in addition to 
those shown on page 432, indicates the percentages of water 
used in those specimens and shows the effect on the strengths . 
for a wide range of consistencies. I may say that the 13 per 
cent of water gives a concrete much wetter than that termed the 
“wet”? mix in the other table. That is about as much water 
as the concrete would retain without leaving a large surplus 
of free water on the surface. In the series of tests on 6 in. x 6 in. 
cylinders made at the University of Illinois and reported in | 
Tables IV and V (pp. 435) we have specimens on hand for tests 
at ages up to 15 or 20 years. 

Proressor ArtHuR N. TaLtBot.——Some further notes Professor Talbot. 
about the Illinois tests may be of interest; the Committee out- 
lined rather an elaborate series and we went a little further and 
made up probably twice as many specimens as they had indicated 
and now have on hand additional specimens for the different 
tests for ages of 1 year, 2 years, and so on. 

: Mr. P. H. Bares.—The Bureau of Standards at the Pitts- Mr. Bates. 
burgh Branch in its experimental work on Portland cement, 


has used in some cases two different methods of storing the 
concrete, which may be of particular interest in connection with 
the present report. So far two series of burns of cement have 
been made, in the first of which the silica content was held 
approximately constant and the lime-aiumina ratio varied, so 
that at one end of the series of burns we have a high alumina- 
iron oxide and a low lime content, and at the other end a low 
alumina-iron oxide and a high lime content. In the second series 
we have approximately a constant alumina-iron oxide content 
and the lime-silica ratio varied. At one end of the series we 
have high silica and low lime and at the other end low silica 
and high lime. This relation is shown in Table I which gives ‘ 
the partial analyses, as well as the strengths of 1 : 15 : 43 gravel . 


*See page 422. 
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concrete, made from these cements, when stored in the damp 
closet for 4 weeks, and for 26 weeks, and in the air for 26 weeks. 
It is immediately seen from this table that there is a great differ- 
ence in the strengths of the material stored in air and in the 
damp closet for the same period, 7. e., 26 weeks. But there is 
also seen the rather remarkably close relation of the strengths 
of the material stored for 26 weeks in air and that stored for 
4 weeks in the damp closet. In addition to showing the slow 
gain in strength when stored in air as compared with the much 
more rapid gain when stored in the damp closet, we have also 


TABLE I.—CoMPARISON OF COMPRESSIVE STRENGTH IN PouNDS PER 
SQuARE INCH OF 6 IN. X 12 1N. CONCRETE CYLINDERS. 
(1: 14:44 Graver Concrete.) 




















Partial Analysis. Compressive Strength. 
Burn ' 
Number. sii caer momma Taam Ne SON & 
Si02 | R203 | CaO 4* Bt | Ci 
> | | — on 
| | | | 
20a... 23.84 | 15.50 | 55.98 836 | 647s 266 
19 23 .20 13.63 } 58.17 763 196 117 
18 23.40 12.05 } 60.27 2,291 1,118 ; 812 
21 23.47 9 54 62.28 | 2396 | 1814 | 1,229 
23 23.55 9.52 63.69 | 3,375 1,429 1,650 
24 23.82 | 7.45 | 64.14 | 2,932 1359 | 1,551 
17 3:78 «(1 7.90 65.33 | 2,802 1,325 } 1,361 
14 26.18 11.13 57.42 | 1,251 | gaa.‘ 260 
2a 25.20 11.52 58.39 | 1,606 756 | 402 
6 24.56 10.98 60.35 | 1,862 981 730) 
13.. 24.30 11.58 60.05 1,969 | 558 589 
15 22.75 10.99 61.94 | 3,732 1,947 | 1,526 
3 21.70 10.52 4.17 | 3,182 i a oe 
8. ; : 19.70 11.96 64.67 2,741 2.011 1,883 
10 19.56 12.03 65.07 2,752 2,848 2,367 
11.. ee 18.22 11.91 66.03 } 2,920 | 2,082 2.122 
ey 18.71 11.08 | 66.85 } 3,081 | 2 207 2,249 
| } 


* A—Stored in damp closet for 26 weeks. + B—Stored in air closet for 26 weeks. C—Stored in damp 
closet for 4 weeks. 
brought out the point that the above report calls attention to, 
i. e., that in order to obtain comparative results it is necessary 
to age the specimens under as nearly similar conditions as pos- 
sible. It should be mentioned that by air storage is meant 
storing in an open building which did not permit precipitation 
of any kind on the specimens, but subjected them to all the out- 
side temperature changes. 
Mr. T. H. Skinner.—I would like to ask Professor Talbot if 
the curve as shown on page 424 would throw any light on the 
subject of how far outside of the reinforcing bar the stress which 
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is in the bar may be supposed to be transmitted into the concrete Mr. Skinner. 
either when the bar is in compression or in tension; if the strength 
of the concrete held in restraint by the heads of the macuine is 
increased, would not the adhesion of the concrete to the bar 
thereby put it in restraint similarly and increase its strength 
and so affect the strength of the adjacent conciete in the mass? 
Have you any tests that indicate whether the adhesion of the 
concrete to the bar would cause it to have a greater strength 
than normal? 

Proressor TaLtspot.—Anything in the way of transfer of Professor Talbot. 
| stress would be carried through the bond from the steel to the 
concrete or from the concrete to the steel. It is true that in 
tension the presence of bars would increase the strength, par- 
ticularly if they are distributed so there would not be a crack 
all the way through the concrete and the small breakages (if 
we may call them such), would occur in different cross-sections. 
If the stress was in the bar there would be a transfer of it to the 
concrete; if the stress was in the concrete there would be a transfer 
of it to the bar by means of the bond developed, and both would 
take the stress. But I do not see in that case that there would 
be any gain in strength to the concrete due to a short distance. 
There is one place where the restraint may have an influence, 
and that is in the compression side of a beam, where on the upper 
surface there is a maximum stress and below that there is less 
stress, a pressing of each layer upon the layer above, so that you 
may expect a beam in the compression area to stand a higher 
load than where the stress was uniformly distributed over the 
cross-section. 

Mr. L. C. Wason.—I would ask Professor Talbot if there Mr. Wason. 
is any preference between the square specimens and the round 
apecimens in the ratio 2 to 1 of the length to diameter? 

Proressor TaLtsBor.—The Committee concluded, as stated Professor Talbot. 
on page 423, that the best shape is the cylinder. The prisms 
gave slightly higher values than the cylinders. There is not as 
much difference as perhaps the members of the Committee 
expected to find, and it is very fortunate that this is so, because 
the results of tests made on the two forms of test pieces can be 
compared fairly well. 











Mr. Seaton. 


Professor Talbot. 


Mr. Tubesing. 


Professor Talbot. 


Mr. Boynton. 


Professor Talbot. 


Mr. Boynton. 





528 Discussion ON REPORT ON CONCRETE MATERIALS. 


Mr. R. A. Seaton.—The tests indicate that when the 
specimen tested is damp it shows a lower strength than when 
it is allowed to dry before being tested. Are the specimens to 
be dried out for some little time before testing ar are they to be 
tested in the damp state? 

Proressor TaLtspor.—The Committee has not come to any 
conclusion on that point. The usual practice is to, store the 
specimens in a room for a short time before testing, long enough 
to dry out, perhaps a day or so. I think that that is a matter 
which ought to be considered further. We hope to find the 
effect of the drying out on the test piece and to determine what 
is the best method to recommend. 

Mr. W. F. Tusesinc.—I would like to ask Professor Talbot 
whether his conclusions are that there was no difference in the 
strength of concrete made of the different sized aggregates? 

Proressor TALBot.—The Committee had the idea in advance 
that there would be considerable variation in larger pieces, the 
specimens using larger aggregate giving higher results; but 
these tests do not bear that out. The general belief is that the 
larger aggregate gives higher results. 

Mr. C. W. Boynton.—On page 425 it states, ‘The diam- 
eter should not be less than 6 in. except with very fine stone, 
when 4 in. may be adopted.” I understand the Committee is 
working with concrete materials, both fine and coarse aggregate. 
Is not that statement apt to be misunderstood? Can we not 
safely use the smaller cylinder for sand, for instance? 

Proressor TaLBor.—I think perhaps that should be modified 
in form as referring to concrete only. The smallest size of test 
piece which could be used with concrete made up of an ordinary 
size of aggregate was under discussion by the Committee, and 
whether they should recommend the compression test piece 
also for sand. I have no doubt that smaller test pieces than 4 in. 
could well be used. 

Mr. Boynton.—In our own work we have found it very 
desirable to make compression tests of sand mortars in the 
examination of sand, and without anything really to guide us 
excepting a belief that we could get satisfactory and comparable 
results we adopted a 3 in. by 6 in. cylinder. If there is any 
reason why we should not use this shape we would be glad to 
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discard it; otherwise we wish to continue. On page 426, para- 
graph 3 reads 


“For field tests of concrete in actual construction, 
concrete should be taken from the loose mass after it is 
dumped from the barrow or other receptacle and before it 
is tamped or otherwise compacted.” 


Why should not we take that from the mixer spout rather than 
from its final place of rest? It seems to me in building con- 
struction it would simplify the matter very much to be able to 
make the specimen on the ground rather than where the concrete 
is being placed. 

Mr. CLroyp M. CHapmMan.—That paragraph covers such 
cases where the concrete is transported long distances. We 
desire to know the strength of the concrete that goes into the 
form. When we sample the concrete at the mixer and then 
transport it by various methods which might have a bad effect, 
such as a jarring that would force the cement to the top and the 
stone to the bottom, or so long a time would be required to trans- 
port it that it would get an initial set, we do not test the concrete 
that is used; therefore, the sample is taken as the concrete goes 
into the form. 

Proressor TaLBot._-The Committee further discussed 
the case where the material was transported through chutes 
into a tank from which it was fed into wheel barrows. In most 
cases it will be easier to take the sample direct on the work than 
it would to take it at the mixer, where there is not any very good 
way of sampling. 

Mr. R. J. Wic.—There is a ¢ after the word “California”’ 
in Table IV, page 435, and the statement, ‘This column not 
included in average curves because of difference in the condi- 
tions.”’ As the results obtained are similar to those obtained 
at the University of Illinois, will Professor Talbot state in what 
way the conditions were not the same as those of the University 
of Illinois? 

Proressor Tatsot.—I do not know. Those particular 
results are from later tests that the University of California 
made when it found it had not fulfilled some of the conditions 
set forth by the Committee. 
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Mr. Tusesinc.—On page 432 the percentage of water 
stated on the Wisconsin curve is 12 and that on the Illinois curve 
10.2. The strength, at 28 days, of what the University of 
Wisconsin calls wet concrete is about half that of what the 
University of Illinois calls wet concrete. There is such a big 
difference that it puts a crimp in the real wet mixture. 

Proressor TaLBot.—There may, of course, be other differ- 
ences due to the aggregate, but the principal part I should say 
was due to the percentage of water. Now I do not believe that 
anybody is using in actual work anywhere near as much water 
as 12 or 13 per cent. 

Mr. WituiaM M. Kinney.—Referring to Mr. Wig’s question. 
The difference was due to the fact that the specimens which 
should have been comparable were made on different days, thus 
rendering a comparison of little value because of variations 
in humidity, temperature, etc., from day to day. 

Mr. E. B. Witson.—Referring to paragraph 5, page 426, 
I would like to ask whether there is to be any period of storage 
at the structure under ordinary building conditions? Tests of 
specimens stored in sand then in the laboratory for several weeks 
would not give any line on the strength of the concrete in the 
work. Should not the specimen be stored and cured on the job 
in such manner as to give results which would mean something? 

Proressor Tatsot.—The period of storage is only until 
they would be hard enough for safe removal and so that in ship- 
ment they would not dry out. The treatment depends on the 
purpose of the test. If the purpose is to find whether the con- 
crete put into that building as taken from the mix is up to what 
might be specified or expected, then it is only necessary to keep 
the test pieces under constant laboratory conditions, and there 
would be no advantage in having the storage conditions the 
same as the conditions on the work. Now there are cases, of 
course, where you desire to know just what the concrete is in 
the building under the same conditions of temperature, and 
storage as those at the building. 

Mr. Boynton.—I believe that the report of the Committee 
will be read carefully by practically all builders and engineers, 
and I believe it necessary, for that very reason to develop some 
points on which the report is not clear. Mr. Chapman gave a 
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very good reason why possibly the specimens should not be 
made at the mixer, but I think we all have seen many times 
where a sample taken from a mass of concrete dumped from a 
buggy or wheel barrow would be badly segregated; and unless 
that concrete was remixed it would not be uniform. I do not 
think we should aim at definite results and then take material 
from a mass of concrete which is spread on a floor or dumped 
from a wheelbarrow. If ¢he wheelbarrow has to travel 200 ft. we 
have one condition; and if it has to travel 20 ft. we have another. 

PRESIDENT HumpHREY.—It seems to me that the condi- 
tions for sampling the concrete for the test piece will depend 
entirely on the purpose of the test. If it is a test of the concrete 
as it goes into the structure manifestly the sample should be 
taken from the concrete as it goes into the structure; if it is to 
test the material then the best way is to take it at the mixer. 
The amount of water used in mixing is also an important factor. 
A very sloppy mixture would be very much segregated by carry- 
ing in a wheelbarrow. Concrete of the consistency recommended 
would not have very much segregation after fairly long trans- 
portation. But I should think the purpose of this recommenda- 
tion was to get the strength of the concrete that was going into 
the work and therefore it would seem that the most logical time 
to sample it would be just before it was placed in position. 

Mr. Boynton.—I recognize that such is the condition after 
the concrete is dumped. If you run a wheelbarrow to the place 
where the concrete is to be dumped and if it is fairly wet and 
has been trundled a long distance, segregation occurs. Whether 
the concrete now should be remixed in the wheelbarrow or simply 
taken at random are points which interest us. It is true that we 
today are favoring a dryer concrete or a sticky mass. Unfor- 
tunately the builder is drifting the other way as fast as he is 
allowed to go. The spouting of concrete is more prevalent than 
ever before. We can imagine all kinds of conditions at the end 
of the spout. If the concrete refuses to flow more water is added; 
where it flows too freely on a steep grade less water is used. 

Mr. CuHapMAn.—Probably all of us have had experience 
in the depositing of concrete. It seems to me that this para- 
graph 3 (page 426) as worded is reasonably concise. The sample 
is taken after the material has reached its resting place but before 
it is tamped. 
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Mr. Wic.—There is an objection to taking the sample 
before the concrete is dumped. As has been pointed out, the 
spout is usually placed in the center of the form and the material 
permitted to flow out to the edges. The concrete at the edges 
is of very different quality from that at the center. This has 
been demonstrated by an inspection of many railroad and other 
structures in which the condition of the concrete on the edges 
was found to be very bad. Therefore, I believe the samples of 
concrete should be taken from the forms. One other matter 
that should be brought to the attention of the Committee for 
further investigation, is the determination of the yield point of 
concrete as well as the ultimate strength. Should not the yield 
point of concrete, rather than the ultimate strength be the 
governing figure in our calculations? 

Mr. Kinney.—I believe there is a misunderstanding as to 
just what the work of this Committee has been up to this time. 
Most of the tests to date have been made to establish methods 
of testing which would give thegmost uniform and concordant 
results. The recommendations under paragraph 3 (page 426), 
may be found at a later date to be incorrect. Only by having one 
variable and conducting tests along these lines can this be extab- 
lished. In tests of concrete the yield point and ultimate crushing 
strength are so nearly the same that the refinement seems hardly 
worthy of consideration. 

Mr. TuBeEsinG.—In our work I have noticed that the quality 
of the concrete depends largely on the man who is doing the 
spading. If we do not have a reliable man doing the spading, 
so that the aggregate gets mixed with the cement as it is delivered 
from the spout, we get a very poor concrete. The specimens 
really ought to be taken after the concrete is spaded, so as to 
get the right consistency; that is the condition you want. 

Mr. Kinney.—A careful reading of the report will show that 
field tests of specimens cut from concrete as actually deposited 
have already been suggested. Such tests will establish a definite 
ratio between specimens as cut from concrete placed in the usual 
way and those molded in the laboratory. It must be remembered 
that the work of this Committee is only in its earliest stages. 
It will take years of study to make the report a complete one. 
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Mr. CLoyp M. CuapmMan.—Mr. President, I am sorry that mr. Chapman. 


I am not in a position to discuss this paper; but I do not want 
to let pass the opportunity for complimenting the metal lath 
manufacturers on undertaking such a series of tests and being 
willing to announce in advance, that they will make public all 
the results. Too often when a particular specialized material 
is promoted by manufacturers they take pains to prevent any 
information getting out that is not absolutely favorable; they 
will not admit the possibility of there being anything wrong. 
And when a group of manufacturers will admit that people have 
had trouble with their materials and are willing to submit to 
making all results public I think they‘deserve to be congratulated 
and complimented. 

Mr. ALLEN Brerr.—lI dislike to make any suggestions 
that might be construed as in any way criticizing this report. 
Inasmuch, however, as it is a very able report, it is to be regretted 
that the Bureau of Standards was not able to buy in the open 
market all the metal lath used in the tests. This would have 
eliminated having these samples submitted by the metal lath 
manufacturers, which might throw a shadow over the results 
of the tests. 

Mr. H. B. McMastrer.—I think, Mr. President, that the 
criticism is well made by Mr. Brett, and if we were to do it over 
again I think that course would be followed. But no one sug- 
gested it at the time, there was no thought of any one having 
any motives other than to act square, open and above board. 
Mr. Pearson says in his report, there is only one sample that has 
evidence of having a little over-painting. I do not know just 
what he had in his mind. His criticism seems to be that it had a 
little better protection than it would have had under ordinary 
conditions. I know from my contact with the manufacturers 
that we have tried very hard to have it right and fair. 


* See page 445. 
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Mr. P. H. Bates.—Did I understand that all the metal 
used was Bessemer steel? 

Mr. McMasrer.—That was Mr. Pearson’s report, but 
there were some grades of lath, I think, that were open hearth; 
and I am inclined to think most of them were. Mr. Bartlett, 
of the Northwestern Expanded Metal Company is here and I 
ask him if most expanded metal lath is not made from open 
hearth rather than Bessemer steel. 

Mr. WarrkEN G. BartLerr.—A great deal of it is, but unques- 
tionably there is a great deal more of it that is Bessemer. 

Mr. Bates.—Do I understand from the report that the 
galvanized metal is showing poorer results than the painted metal? 

Mr. McMaster.—No, that was not the substance of the 
report at all. I think it states that the galvanized lath came up 
to the expectation, and that it would require quite a number of 
years to demonstrate any failure in galvanizing as a coating; 
the further statement is made that there was an apparent dis- 
tinction between galvanizing before the metal was expanded 
and after. Perhars sufficient time has not elapsed to demonstrate 
all the weaknesses. The report states quite emphatically that 
the sherardizing up to this time shows no greater protective 
qualities than ordinary painting. The fact that I would bring 
out is that although the use of Bessemer or open hearth steel 
in metal ath is very general and probably forms the larger part 
of the material on the market, I believe it has been found in 
a study of the corrosion of steel that material like ingot iron and 
toncan metal corrodes more slowly. If this be so, it would be 
better, possibly, to make lath out of this class of material. Fur- 
thermore, it has been found that the addition of copper to steel 
has a marked influence in decreasing the rate of corrosion, and 
possibly the use of material of that kind would be desirable. 
Mr. Pearson’s study of these irons is mentioned in his paper 
also. He is endeavoring to institute further investigations to 
determine something of the rust resisting values of these different 
patent irons. 

Mr. R. J. Wic.—It might be of interest to some to know 
that the Reclamation Service, in co-operation with the Bureau 
of Standards, is now about to place a number of steel culverts 
or flumes on its projects to determine the relative resistance to 
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corrosion of various metals exposed to the alkali soils of the west. Mr. Wig. 
I do not think it has been definitely established that ingot iron 
is under certain conditions better than Bessemer or open hearth 
steel. 
Mr. T. H. Skinner.—I notice that there were a great many Mr. Skinner. 
panels in the structure shown all relatively small and also a great 
many partitions. Now these panels were necessarily at varying 
levels and at variable distances from the outside air; and as 
great variation in the humidity at different points in the structure 
was certainly possible—and my experience with stucco on lath 
has been that the greater dampness near the ground has affected 
it more than anything else,—I wonder if in the final report the 
location of those panels could not be explained more clearly, 
as their position would possibly have more bearing on the ratio 
of rust on them than the material would. Certainly the relative 
humidity in the test structure must have varied greatly between 
the floor and the roof, particularly immediately after rains; 
and the details do not show in any way the position of those 
} panels. I do not think it is fair to the materials to simply give 
their rating at any particular time without showing their posi- 
tion. I suppose that information is available at the Bureau of 
Standards and it seems to me position should have a bearing 
in the ultimate condition and final report. 
Mr. McMaster.—I think that is a very valuable suggestion. Mr. McMaster. 
When I visited the Bureau to observe the test house I noticed 
that the partitions were kept wet although I have now forgotten 
by what means. They are separated from the ground so that 
you would think the ground moisture could not reach the speci- 
mens. Contrary to general belief it is the experience of manu- 





facturers and users of wire fence that corrosion starts not near 
the ground but in the upper part of the fence, away from the 
ground, at wh‘ch point it is the most damaging. 
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Mr. Chapman. 


Mr, Wig. 


Mr. Chapman, 


Mr. Bates. 


Mr. Chapman. 


DISCUSSION.* 


Mr. CLoyp M. Cuapman.—I will explain briefly the reason 
for the paper on lime putty and cream of lime. The Committee 
on Treatment of Concrete Surfaces feels that if lime is to be 
added to stucco or mortar it should be very thoroughly distri- 
buted. That distribution is rather difficult with lime putty. 
If the lime after slacking and reducing to a putty is further thinned 
with water to the consistency of cream and added to the cement 
and sand mixture in that condition, it is much easier to get a fairly 
uniform mixture. The difficulty is in not knowing the amount 
of lime in a given quantity of cream of lime. There did not seem 
to be any data available by which one could determine how much 
lime would be in say a 12 quart bucket of cream of lime, 
assuming that you supplied the lime to a mortar mixer by measur- 
ing it in buckets. So in order to obtain such data tKese tests 
were undertaken. Now there were eight dealers in New York 
City who were asked to submit 5 lb. samples of their lime. Four 
were high calcium limes and only two were dolometic limes. 
The analyses were partly supplied by the manufacturers and 
partly made in the laboratory of Westinghouse, Church, Kerr 
and Company. 

Mr. R. J. Wic.— Does the kind of putty depend on whether 
it is made from dolomitie or high calcium lime? 

Mr. CHapMan.—The number of samples tested was small, 
only ten, and before such data is adopted it should be verified 
by a series of tests with lime from all over the country. The 
average gallons of water per barrel of about 24 as against 30 
to make putty, is: explained possibly by the fact, that the latter 
amount is for high calcium lime, and the former is for the low 
calcium lime. 

Mr. P. H. Batres.—How do you make the putty? Do you 
add all the water at once or only part at a time? 

Mr. CuapMan.—The putty was made by adding all the 
water at once in a wide mouth glass bottle to which was attached 


* See page 459. 
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a glass reflex condenser, so that none of it escaped. That is, 
under laboratory conditions, with all the materials at the tem- 
perature of the room, and adding all the water at once, about 
20 per cent of the water was evaporated. It would be almost 
impossible on the work to know the amount of water which had 
been added to a barrel of lime, because a considerable portion 
of it is evaporated; that is the reason for not starting with putty 
on the work, because by using the cream of lime you know at 
once how much water is lost. 

Mr. P. H. Witson.—What is the measure of the lime, and 
was it used uniformly, regardless of the specific gravity of the 
lime itself? 

Mr. CHAPMAN.—Yes, assuming that a barrel of lime is 
200 Ib.; we measured all samples by that unit. 

Mr. Batres.—Was anything done to chart up the curve 
through actually determining by analysis the amount of lime 
in the cream? 

Mr. CHuapMan.—No, not by making an analysis, but by 
measuring the quantity of water used in the cream. None of 
the lime evaporates. We start with »'5 lb. of water and we know 
that we have »'5 Ib. when we are through. The curve was devel- 
oped from a series of experiments. The amount of lime in 1 eu. ft. 
of putty and of cream of lime was actually determined and then 
the curve for putty was drawn. In going over this data I found 
that there were two that did not check; on investigation from 
the analysis it was found that there was a mathematical mistake 
in calculation, 7. e., the curve showed a mathematical error. 





Mr. Chapman. 


Mr. Wilson. 


Mr. Chapman. 


Mr. Bates. 


Mr. Chapman. 








Mr. Kinney. 


Mr. Hanson. 


Mr. Cline. 


DISCUSSION.* 


Mr. WituiaM M. Kinney.—If in one of the systems shown 
the concrete is supposed to be elevated in a bucket elevator, 
I wish to call attention to the possible loss of water and mortar. 
This would collect at the bottom of the elevator and mean either 
the use of a quantity of partially hardened concrete or a large 
resultant loss. In general the best practice is to elevate single 
batches of concrete as units. 

Mr. E. 8. Hanson.—I have noticed many times where a 
system of this kind is used, that the elevator buckets do not 
empty the pit completely, so that some of the concrete is likely 
to take a partial set before it is used. 

Me. A. E. Cuing.—One type of plant that Mr. Hanson did 
not refer to may be of interest. It was built for the manufacture 
of four different products, viz., cement blocks, sewer pipe, hollow 
building tile and ornamental stone. The building was rectangular 
in form. The railway was at one end. The bins were on the 
floor. The sand and aggregate were wheeled from the car and 
dumped on the second floor in separate bins. The mixers were 
all placed under the second floor that was 16 ft. above the first. 
A 7 cu. ft. bottom dumping car was used, into which was drawn 
from the bins the sand, gravel or stone, and the bags of cement 
required for the mixture; a small freight elevator carried the 
‘ar to the floor above, it was run directly over the mixer, the 
material was dumped, mixed dry, then the water added, and 
when the mixing was complete the mixture was dumped into 
a chute. This chute led directly to the machine in which it was 
molded into pipe, blocks or tile, which were carried to the kiln 
or curing room on three-deck cars. The kilns were similar to 
those shown by Mr. Hanson, in that the transfer track ran across 
the building, the kilns at one end and the machines at the other. 
The roof of these kilns, 7 ft. high, was a 6 in. reinforced concrete 
slab that formed the floor of the ornamental stone room above. 
All was combined in one building of about 90 by 150 ft. The 
doors from the kilns opened from the outside at the end of the 





1 See page 485. 
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building, where another transfer track took the cars directly 
to the storage yard. This is a system of bringing the material 
to the mixer that I have never seen in any other plant, and it 
has worked very successfully, especially since we could vary the 
mix with every batch. We used batch mixers and if we found 
one proportion did not work quite right we could change it in 
the next batch, without the trouble or delay involved where 
two or three hopper bins feed directly into a continuous mixer, 
which method I find a very poor one. The cost of putting in 
that small freight elevator was a good deal less than the cost 
of elevated bins; and it was found to be a very handy arrange- 
ment. 

Mr. H. 8. Raymonp.—We have had considerable trouble 
with our kiln doors and with our canvas, which we have remedied 
in this manner. We substituted the very lightest galvanized 
sheet metal instead of canvas, and now have no trouble with 
our kiln doors; we use about a No. 28 or 30 gage galvanized steel. 
This does away with rotting canvas, it is only a trifle heavier 
and is more economical in the long run. 

Mr. Hanson.—I would like to ask the gentleman if he has 
had those doors in use long enough to know what their life is 
likely to be. 

Mr. RaymMonp.—No; the steel was placed about a year 
ago. The longest life of the canvas is only about 18 months 
or 2 years. We have had no trouble with the light steel. 

Mr. A. E. RicHarpson.—I have used galvanized iron in my 
plant for 8 years and it is as good today as when it was putin. I have 
had kilns or steam-curing rooms in use for 9 years; I built the 
first in this country. 

Mr. J. J. Berryman.—I have tried for 2 years, all but 2 
months, the use of light roofing, and it has given excellent service; 
I make a light framework and hinge it at the top. It shows 
no signs of playing out; it is easily done, and makes a light door 
that is cheap. 

Mr. Raymonp.—We have tried using tar roofing paper on 
our kiln doors but it only lasted 6 months. When dry it was so 
hard that it warped out of shape and when wet the nails would 
not hold. It was not much lighter than the light galvanized 
steel which is giving good service and which keeps the draft out 
of the kiln and is also much warmer in winter. 





Mr. Cline. 


Mr. Raymond. 


Mr. Hanson. 


Mr. Raymond. 


Mr. Richardson. 


Mr. Berryman. 


Mr. Raymond. 
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Mr. Stubbs. Mr. R. C. Stusss.—The feature I wish to call attention to 
is conveying concrete after it has been mixed. In my business, 
the pavement business, I eliminate by my specifications the use 
of carts in conveying concrete. Instead I cart the dry batch 
to the machine, add the water, complete the mixing and deposit 
directly from the mixer. I wish to emphasize the fact that con- 
veying concrete is likely to induce segregation. I consider carting 
concrete bad practice. Concrete should be placed as soon as 
it is mixed. 

The President. PRESIDENT Humpurey.—There is a method of conveying 
concrete that has been tried in Europe, viz., of having a central 
plant and conveying the mixed concrete in carts to the place of 
deposit. I think concrete has been conveyed in that way about 
3 miles; a contractor having work at different places, simply 
‘arts the concrete from a centrally located mixing plant. Tests 
made of the concrete have given extraordinary results and the 
method is very interesting. I do not know that I want to recom- 
mend that practice in this country, and certainly not with the 
wet mixtures commonly used. The jolting of the cart would 5 
tend to produce a separation of the large and small aggregate. 
The method described I saw in use in Hamburg only. They 
took care of the setting in the summer time by using a double 
wall cart, or a cart with a little insulation, and by placing a canvas 
over the top to prevent the heat from affecting it by evaporating 
the water and causing hardening by drying; in that way the 
concrete showed no evidence of setting a couple of hours after | 
it was mixed. 

Mr. Zeidler. Mr. ZerpLter.—I would like to ask whether you think the 

cement we use in this country would stand a 3 mile trip under 

ordinary conditions? Was the cement that was used in this 

particular place in Germany a 60-minute cement or was it a 5 

much slower setting cement? 

PRESIDENT HumMPHREY.—No, a standard cement was used; 

a cement may set in 35 minutes, but when you add sand 

and stone to it the resulting concrete sets much more slowly. 

I think the method of carrying practically controlled or retarded 

the setting. They mixed the concrete quite a long time, and as 

deposited it was certainly of most excellent quality, and the 

compression tests of that concrete were higher than you ordinarily 

obtain. 
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CHARTER 
OF 
THE NATIONAL ASSOCIATION OF CEMENT USERS. 


KNOW ALL MEN BY THESE PRESENTS, That we, the under- 
signed, all of whom are citizens of the United States, and a majority of 
whom are residents of the District of Columbia, have associated ourselves 
together for the purpose hereinafter set forth and desiring that we may be 
incorporated as an Association under sub-chapter three (3) of the Incorpora- 
tion Laws of the District of Columbia, as provided in the Code of Law of the 
District of Columbia, enacted by Congress and approved by the President 
of the United States, do hereby certify: 

1. Name. The name of the proposed corporation is ‘The National 
Association of Cement Users.” 

2. Term of Existence. The existence of the said corporation shall be 
perpetual. 

3. Objects. The particular business and objects of the said corpora- 
tion shall be to disseminate information and experience upon and to promote 
3 the best methods to be employed in the various uses of cement by means of 
convention, the reading and discussion of papers upon materials of a cement 
nature and their uses, by social and friendly intercourse at such conventions, 
the exhibition and study of materials, machinery and methods and to circulate 
among its members by means of publications the information thus obtained. 

4. Incorporators. The number of its managers for the first year shall 
be fifteen. 

In Witness Whereof, we have hereunto set our hands and seals this 
fourteenth day of December, A. D. 1906. 


RICHARD L. HUMPHREY, (SEAL) 
JOHN STEPHEN SEWELL, (SEAL) 
| S. S. VOORHEES. (SEAL) 


OFFICE OF RECORDER OF DEEDs, 

, District OF COLUMBIA. 
This is to certify that the foregoing is a true and verified copy of a 

Certificate of Incorporation, and of the whole of such Certificate as received 

for record in this office at 9.49 a. M., the 19th day of December, A. D. 1906. 
In testimony whereof I have hereunto set my hand and affixed the seal 

of this office, this 20th day of December, A. D. 1906. 


(Signed) R. W. DUTTON, 
Deputy Recorder of Deeds, 
District of Columbia. 





(SEAL) 
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CHANGE IN TITLE OF ORGANIZATION 
FROM 
NATIONAL ASSOCIATION OF CEMENT USERS 
TO 


AMERICAN CONCRETE INSTITUTE. 


At the Eighth Annual Convention of the National Associa- 
tion of Cement Users, held in Kansas City, March 11—16, 1912, 
the desirability of changing the name of the Organization to 
one more indicative of its work was discussed at length and on 
motion “‘the matter was referred to the Executive Board, with 
authority to effect a change in name if deemed expedient for 
the best interests of the Association.” 

After careful consideration for more than a year, the Board 
of Direction of the Association deemed that a more suitable 
name was desirable for the Organization and took the necessary 
steps and the change in the name was effected as set forth in 
the following documents, which are recorded in the office of the 
Recorder of Deeds, in the District of Columbia, Washington, 
D. C.: 


May 29, 1913. 


We, the undersigned, members of the Board of Direction of the National 
Association of Cement Users, hereby authorize the President of this Associa- 
tion to take such legal steps as may be necessary to effect a change, July 1, 
1913, in its name from National Association of Cement Users to American 
Concrete Institute: 


President: RicHarp L. HumMpHREY. 
Vice-President: A. N. TALsBor. 
LEONARD C. WASON. 


Treasurer: Henry H. Quimpy. 
Secretary: Epwarp E. Krauss. 
Directors: C. DeERLETH, JR., 


B. F. AFF.EckK, 

W. P. ANDERSON, 
Ernest L. RANSOME, 
Epwarp D. Boyer, 
W. L. Cuurcu. 
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We, respectively, the President and Secretary of the National Association 
of Cement Users, hereby certify that the foregoing and annexed consent in 
writing to the change of name of the National Association of Cement Users to 
American Concrete Institute, bears the genuine signatures of all the trustees 
or directors of the National Association of Cement Users, who were on the date 
thereof directors or trustees of the said National Association of Cement Users, 
and we further certify that the original name of the Association or Corporation 
is the National Association of Cement Users and the new name of the same 
is to be American Concrete Institute, and that the corporate existence as con- 
tinued shall be perpetual; that the business of the said corporation shall 
continue as set forth in the original certificate of incorporation. 

In Witness Whereof we have hereunto set our hands and seals this Ist 


day of July, A. D. 1913. Ricuarp L. HumMPHReEy, 
President. 
[CORPORATE SEAL] Epwarp E. Krauss, 


Ne cretary. 


UNITED STATES OF AMERICA. 
County OF PHILADELPHIA, 
STATE OF PENNSYLVANIA, 

I, Ruth B. Summerill, a notary publie in and for the Commonwealth of 
Pennsylvania, residing in the city of Philadelphia, do hereby certify that 
Richard L. Humphrey and Edward E. Krauss, parties to the annexed certi- 
ficate of change of name of the corporation of the National Association of 
Cement Users which is to be changed to American Concrete Institute bearing 
date on the first day of July, A.D. 1913, personally appeared before me in 
said City of Philadelphia, State of Pennsylvania, the said Richard L. 
Humphrey and Edward E. Krauss, being personally known to me to be 
persons who made and signed the said certificate of change of name, and 
acknowledged the same to be their act and deed for the purposes therein 
set forth. 

Witness my hand and seal this Ist day of July, 1913. 

Rutu B. SuMMERILL, 
[NOTARIAL SEAL] Notary Public. 
Commission expires Feb. 21st, 1915. 


OFFICE OF THE RECORDER OF DEEDs, 
District oF C-LUMBIA. 

This is to certify that the foregoing is a true and verified copy of the 
Certificate of Incorporation changing the name of the National Association 
of Cement Users to American Concrete Institute and of the whole of said 
Certificate of Incorporation, as filed in this office the 2d day of July, 1913, 
and recorded in Liber No. 30, folio. 77, et seq., one of the Incorporation 
Records of the District of Columbia. 

In testimony whereof I have hereunto set my hand and affixed the seal 
of this office this 28th day of July, A.D. 1913. 

[SEAL] R. W. Dutton, 
De puty Recorder of Deeds, D. C. 
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BY-LAWS. 


ARTICLE I. 
MEMBERS. 


SECTION 1. Any person engaged in the construction or 
maintenance of work in which cement is used, or qualified by 
business relations or practical experience to co-operate in the pur- 
poses of this Institute, or engaged in the manufacture or sale 
of machinery or supplies for cement users, or a man who has 
attained eminence in the field of engineering, architecture or 
applied science, is eligible for membership. 

Sec. 2. A firm or company shall be treated as a single 
member. 

Sec. 3. Any member contributing annually twenty or more 
dollars in addition to the regular dues shall be designated and 
listed as a Contributing Member. 

Sec. 4. Application for membership shall be made to the 
Secretary on a form prescribed by the Board of Direction. The 
Secretary shall submit monthly or oftener if necessary to each 
member of the Board of Direction for letter ballot a list of all 
applicants for membership on hand at that time with a statement 
of the qualifications, and a two-thirds majority of the members of 
the Board shall be necessary to an election. 

Applicants for membership shall be qualified upon notification 
of election by the Secretary by the payment of the annual dues, 
and unless these dues are paid within 60 days thereafter the elec- 
tion shall become void. An extract of the By-Laws relating to 
dues shall accompany the notice of election. 

Sec. 5. Resignations from membership must be presented 
in writing to the Secretary on or before the close of the fiscal year 
and shall be acceptable provided the dues are paid for that year. 

(544) 
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ARTICLE II. 
OFFICERS. 


Section 1. The officers shall be the President, two Vice- 
Presidents, six Directors (one from each geographical district), 
the Secretary and the Treasurer, who, with the five latest living 
Past-Presidents, who continue to be members, shall constitute 
the Board of Direction. 

Sec. 2. The Board of Direction shall, from time to time, 
divide the territory occupied by the membership into six geographi- 
cal districts, to be designated by numbers. 

Sec. 3. There shall be a Committee of five members on 
Nomination of Officers, elected by letter ballot of the members 
of the Institute, which is to be canvassed by the Board of 
Direction on or before September 1 of each year. 

The Committee on Nomination of Officers shall select by 
letter ballot of its members, candidates for the various offices to 
become vacant at the next Annual Convention and report the 
result to the Board of Direction who shall transmit the same to 
the members of the Institute at least 60 days prior to the Annual 
Convention. Upon petition signed by at least ten members, 
additional nominations may be made within 20 days thereafter. 
The consent of all candidates must be obtained before nomina- 
tion. The complete list of candidates thus nominated shall be 
submitted 30 days before the Annual Convention to the members 
of the Institute for letter ballot, to be canvassed at 12 o’clock 
noon on the second day of the Convention and the result shall 
be announced the next day at a business session. 

Sec. 4. The terms of office of the President, Secretary and 
Treasurer shall be one year; of the Vice-Presidents and the Direct- 
ors, two years. Provided, however, that at the first election after 
the adoption of this By-Law, a President, one Vice-President, 
three Directors and a Treasurer shall be elected to serve for one 
year only, and one Vice-President and three Directors for two 
years; provided, also, that after the first election a President, one 
Vice-President, three Directors and a Treasurer shall be elected 
annually. 

The term of each officer shall begin at the close of the Annual 
Convention at which such officer is elected, and shall continue for 
the period above named or until a successor is duly elected. 





3, 
, 
b 
i 
f 
9 
8 
f 
é 


ii 
| 
i 
1B 
i 

f 


ee ae 





546 By-Laws. 


A vacancy in the office of President shall be filled by the senior 
Vice-President. A vacancy in the office of Vice-President shall 
be filled by the senior Director. 

Seniority between persons holding similar offices shall be 
determined‘ by priority of election to the office, and when these 
dates are the same, by priority of admission to membership; 
and when the latter dates are identical, the selection shall be made 
by lot. In case of the disability or neglect in the performance of 
his duty, of any officer of this Institute, the Board of Direction 
shall have power to declare the cffice vacant. Vacancies in any 
office for the unexpired term shall be filled by the Board of Direc- 
tion, except as provided above. 

Sec. 5. The Board of Direction shall have general super- 
vision of the affairs of the Institute and at the first meeting 
following its election, appoint a Secretary and from its own 
members a Finance Committee of three; it shall create such 
special committees as may be deemed desirable for the purpose 
of preparing recommended practice and standards concerning the 
proper use of cement for consideration by the Institute, and 
shall appoint a chairman for each committee. Four or more 
additional members on each special committee shall be appointed 
by the President, in consultation with the Chairman. 

Sec. 6. It shall be the duty of the Finance Committee to 
prepare the annual budget and to pass on proposed expenditures 
before their submission to the Board of Direction. The accounts 
of the Secretary and Treasurer shall be audited annually. 

Sec. 7. The Board of Direction shall appoint a Committee 
on Resolutions, to be announced by the President at the first 
regular session of the Annual Convention. 

Sec. 8. There shall be an Executive Committee of the 
Board of Direction, consisting of the President, the Secretary, the 
Treasurer and two of its members, appointed by the Board of 
Direction. 

Sec. 9. The Executive Committee shall manage the affairs 
of the Institute during the interim between the meetings of the 
Board of Direction. 

Sec. 10. The President shall perform the usual duties of 
the office. He shall preside at the Annual Convention, at the 
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meetings of the Board of Direction and the Executive Committee, 
and shall be ex-officio member of all committees. 

The Vice-Presidents in order of seniority shall discharge the 
duties of the President in his absence. 

Sec. 11. The Secretary shall be the general business agent 
of the Institute, shall perform such duties and shall furnish such 
bond as may be determined by the Board of Direction. 

Sec. 12. The Treasurer shall be the custodian of the funds 
of the Institute, shall disburse the same in the manner prescribed 
and shall furnish bond in such sum as the Board of Direction may 
determine. 

Sec. 13. The Secretary shall receive such salary as may be 
fixed by the Board of Direction. 


ArticLE III. 
MEETINGS. 


Section 1. The Institute shall meet annually. The time 
and place shall be fixed by the Board of Direction and notice of 
this action shall be mailed to all members at least thirty days 
previous to the date of the Convention. 

Sec. 2. The Board of Direction shall meet during the Con- 
vention at which it is elected, effect organization and transact 
such business as may be necessary. 

Sec. 3. The Board of Direction shall meet at least twice 
ach year. The time and place to be fixed by the Executive Com- 
mittee. 

Sec. 4. A majority of the members shall constitute a 
quorum for meetings of the Board of Direction and of the Executive 
Committee. 


ARTICLE LV. 
DUES. 

Section 1. The fiscal year shall commence on the first 
of July and all dues shall be payable in advance. 

Sec. 2. The annual dues of each member shall be five dollars 
($5.00). 

Sec. 3. Any person elected after six months of any fiscal 
year shall have expired, need pay only one-half of the amount 
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of dues for that fiscal year; but he shall not be entitled to a copy 


. of the Proceedings of that year. 


Sec. 4. A member whose dues remain unpaid for a period of 
three months shall forfeit the privilege of membership and shall 
be officially notified to this effect by the Secretary, and if these 
dues are not paid within thirty days thereafter his name shall be 
stricken from the list of members. Members may be reinstated 
upon the payment of all indebtedness against them upon the books 
of the Institute. 


ARTICLE V. 
RECOMMENDED PRACTICE AND SPECIFICATIONS. 


SEcTION 1. Proposed Recommended Practice and Specifica- 
tions to be submitted to the Institute must be mailed to the 
members at least thirty days prior to the Annual Convention, and 
as there amended and approved, passed to letter ballot, which shall 
be canvassed within sixty days thereafter; such Recommended 
Practice and Specifications shall be considered adopted unless at 
least ten per cent of the total membership shall vote in the 
negative. 


ARTICLE VI. 
AMENDMENTS. 


SecTION 1. Amendments to these By-Laws, signed by at 
least fifteen members, must be presented in writing to the Board of 
Direction ninety days before the Annual Convention and shall be 
printed in the notice of the Annual Convention. These amend- 
ments may be discussed and amended at the Annual Convention 
and passed to letter ballot by a two-thirds vote of those present. 
Two-thirds of the votes cast by letter ballot shall be necessary 
ior their adoption. 
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Annual — by the President. The Use of Concrete in Hydraulic Works. 
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Architectural Stone. 
Recommended Practice for Concrete —, Building Block and Brick, 352. 
Standard Building Regulations for the Use of Conerete —, Building 
Block and Brick, 362. 
Board of Direction. 
Annual Report of the —, 22. 
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Brick (see Architectural Stone). 
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Recommended Practice for Concrete Architectural Stone, — and 
Brick, 352. 
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Chairman, 344. 
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Cement (see also Portland Cement). 
Investigation of the Durability of — Drain Tile in Alkali Soils. R. J. 
Wig and G. M. Williams, 65. 
Report of Committee on Building Blocks and — Products. C. K. 
Arp, Chairman, 344. 


Committee. 
Report of — on Building Blocks and Cement Products. C. K. Arp, 
Chairman, 344. 
Report of — on Concrete Roads and Street Pavements. C. W. Boynton, 
Chairman, 167. 


Report of — on Reinforced Concrete Highway Bridges and Culverts. 
Willis Whited, Chairman, 219. 
Report of —- on Specifications and Methods of Tests for Concrete 
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